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Electronic Instrumentation 
and Nucleonics in Medicine 


HE Sixth Annual Conference on Electronic In- 

strumentation and Nucleonics in Medicine being 
held in New York City on November 19 and 20, brings 
together engineers, physicians, and biologists to dis- 
cuss some of the newer developments in instrumen- 
tation and nuclear techniques applied to the biological 
sciences. It is sponsored by the American Institute of 
Electrical Engineers, the Institute of Radio Engineers, 
and ‘the Instrument Society of America. 

Organized six years ago by a group of engineers 
and physicians interested in increasing the coopera- 
tion between these two professions, these conferences 
have been held annually to foster better understand- 
ing by providing a forum where the latest develop- 
ments in instrumentation in relation to medical and 
biological needs can be presented and discussed. 

In recent years a number of significant develop- 
ments in biology and medicine have been made pos- 
sible through the combined efforts of engineers and 
medical-biological research workers. This has indicated 
to leaders in both areas that even more could be accom- 
plished if engineers and medical scientists could be 
encouraged to cooperate more actively. 

The engineer should be brought into contact with 
the many challenging instrumentation problems facing 
the research worker in the biological sciences. Con- 
versely, the biologist and physician should be aware 
of the potential of the latest advances in instrumenta- 
tion in terms of their own problems. The annual con- 
ference, devoted exclusively to developments in the 
field of instrumentation for biological-medieal applica- 
tions, is one approach to providing the necessary 
stimulation to both groups. It is the only meeting 
organized for the specific purpose of bringing to- 
gether the engineer, physician, and biologist for a dis- 
cussion of mutual problems. 

Although the approaching Conference is being held 
under the sponsorship of professional engineering 
societies concerned with instrumentation in a broader 
sense, many interested individuals from the medical 
and biological sciences have participated in organiz- 
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ing this year’s meeting and formulating the program. 

As in previous years, the papers for the coming 
Conference have been chosen for their emphasis on 
the problems of instrumentation as applied to medical 
and biological problems. A session on diagnostic in- 
struments includes papers on electromyography, the 
application of isotopes to the location of brain tu- 
mors, and the use of ultrasonics in the visualization 
of soft tissue structures. A session on x-ray techniques 
features papers on recent progress on cineradiography 
and x-ray microscopy. 

The session on instrumentation for biochemistry in- 
cludes papers on: a quantitative paper electrophoresis 
apparatus, an instrument for determining freezing 
point depression, and a CO, analyzer for respiratory 
gases. 

The final session covers material on electrophysi- 
ology, including cardiac defibrillation, electrical ana- 
logues of the heart potential field, and the application 
of computer techniques to biological problems. 

The broad objectives of the Annual Conference are 
to foster an interchange of ideas in two general areas: 
one on the very practical level dealing with specific 
solutions to certain measurement problems; the other, 
a more general consideration of the philosophy of in- 
strumentation from which the engineer can weigh the 
biological factors that must be considered in instru- 
ment design, and through which the worker in bio- 
logical research can assess the capabilities and limita- 
tions of the instruments he uses. These objectives can 
only be attained by the Conference with the active 
support and participation of the medical-biological 
scientist. 

Registration for this Conference is open to all in- 
terested individuals. Further information can be ob- 
tained by writing to R. 8. Gardner, American Insti- 
tute of Electrical Engineers, 33 West 39th Street, 
New York City, or to 8S. R. Gilford, Conf. Chairman, 
National Bureau of Standards, Washington 25, D. C. 
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The Principle of Nuclear Induction’ 


Felix Bloch 


T IS A TRIBUTE to the inherent harmony and 
the organic growth of our branch of science that 
every advance in physics is largely due to the 
developments that preceded it. The discovery for 

which Purcell and I have received the honor of the 

Nobel Prize award for the year 1952 is a typical 

example of this situation, and before describing the 

principle I shall therefore present an outline of its 
long and distinguished background. 

Both the method and the object go back ultimately 
to spectroscopy, a field to which modern physics 
owes so much in other respects. Among the various 
aspects of this field there are two that are of par- 
ticular importanee here: the Zeeman effect for in- 
troducing magnetic fields as an essential element of 
spectroscopy, and the hyperfine structure of spectral 
lines for revealing the existence of nuclear moments. 
The correct interpretation of hyperfine structures 
was first given in 1924 by Pauli (1), who proposed 
that atomic nuclei may possess an intrinsic angular 
momentum (spin) and, parallel to its orientation, a 
magnetic moment. The energy of interaction of this 
magnetic moment with the magnetic field H(O), 
produced by the atomic electrons at the position of the 
nucleus, depends upon the angle between them and 
leads thus to the observed small splitting of the 
energy levels. Conversely, it is possible under suitable 
conditions to determine from this splitting both the 
spin and the magnetic moment of the nucleus, and 
these two important quantities have indeed been 
determined in a great number of cases from the 
observation of hyperfine structures. The magnetic 
moments of the nuclei have been found, in all ob- 
served eases, to be of the order of the “nuclear 
magneton” that one obtains by substituting in the 
formula for the atomie Bohr magneton the mass of 
the proton in place of that of the electron. Nuclear 
moments are thus about a thousand times smaller 
than atomic moments, and this is plausible in view 
of the fact that one deals here with protons instead 
of electrons as elementary charged constituents. 
There are, however, distinct disadvantages in the 
optical determination of nuclear moments. In the 
first place, the accuracy is seriously limited, because 
the effect consists only in such a small splitting of 
spectral lines that one has to be concerned with their 
finite width. In the second place, it is necessary for 
the determination of the nuclear magnetic moment 
from the observed hyperfine structure to have a 
knowledge of the field H(O) which is usually rather 
inaccurate since it involves complex electron con- 
figurations. In view of these limitations, one is led to 


1 Reprinted with permission of the Nobel Prize Fund. 
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values of nuclear magnetic moments with an aceuracy 
of a few per cent at best. Finally, one is faced with 
the fact that hyperfine splittings tend to decrease with 
decreasing atomic number, with the result that it is 
not possible, by optical means, to observe them in 
the case of the greatest fundamental importance, that 
of hydrogen. 


Dr. Fevix BLocu 


Dr. Bloch, Professor of Physics at Stanford University, 
was co-winner with Dr. Edward M. Purcell of the Nobel 
Physics Prize for 1952. He was honored for his development 
of precision methods in the realm of nuclear magnetism and 
for the discoveries made by their use. 

Dr. Bloch was born in Zurich, Switzerland, in 1905, and 
received his Ph.D. degree from’ the University of Leipzig in 
1928. His work and study took him to Switzerland, Holland, 
Denmark, and Italy. In 1932 he returned to the University 
of Leipzig, but within a year, upon Hitler's ascent to power, 
decided to leave Germany. He held a Rockefeller Foundation 
fellowship in Rome, 1933-34 and in the spring of 1934, when 
he was offered a faculty appointment at Stanford, came to 
the United States. During the war years of 1942-45 he did 
research work at Stanford and Los Alamos and while associ- 
ate group leader at the Radio Research Laboratory at Har- 
vard discovered the theory of nuclear induction. 
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A decisive step forward was made in 1933 by 
Stern (2), who applied his method of molecular 
beams to the determination of the magnetic moments 
of the proton and the deuteron in hydrogen molecules. 
Instead of the emitted light, it is the deflection of 
the molecule in an inhomogeneous magnetic field 
that is here affected by the nuclear moments. Al- 
though the observed effect was close to the limit of 
observability, it yielded the proton moment to within 
ten per cent, with the most important result that 
instead of having the expected value of one nuclear 
magneton it is about 2.5 times larger. Of similar 
importance was the result that the magnetic moment 
of the deuteron was between 0.5 and 1 nuclear mag- 
neton, since it indicated from the simplest plausible 
considerations of the structure of this nucleus that 
one should ascribe a moment of about 2 nuclear mag- 
netons to the neutron. I shall come back later to this 
point; it represents the start from which my own 
experimental work has followed in an almost con- 
tinuous line. 

Subsequent to Stern’s work, a number of far- 
reaching further developments have been achieved by 
Rabi in the application of atomic and molecular 
beams to the measurement of nuclear moments and 
hyperfine structures. Without attempting complete- 
ness, I want to mention some aspects of method in 
the brilliant series of investigations which he carried 
out with his collaborators. One of them is based upon 
a paper by Breit and Rabi (3), which treats the 
variation of the magnetic moment of an atom for the 
different Zeeman levels of hyperfine structure under 
the influence of an external magnetic field and which 
was applied to atomic beams where the deflection 
gives a direct measure of the magnetic moment. An- 
other important aspect lies in the passage of the 
beam through two and later three separate field 
regions which can be adjusted to give zero deflection 
so that one deals with a null method. These innova- 
tions, besides giving many other interesting results, 
allowed the measurement of the hyperfine structure 
in. the ground state of light and heavy hydrogen 
atoms; since the previously mentioned field H(O), 
produced by the electron at the place of the nucleus, 
was given here, through a formula of Fermi (4), 
from the well-known theory of the hydrogen atom, 
this measurement resulted in the determination of the 
magnetic moments of the proton and the deuteron 
with an accuracy of a few per cent. 

However, the most significant improvement in mo- 
lecular and atomic beam techniques was the introdue- 
tion of the magnetic resonance method. The beam 
here passes through a region where the magnetic 
field is homogeneous and constant with a weak alter- 
nating magnetic field superimposed at right angles 
to the strong constant field. Analogous to the res- 
onance absorption of visible light, transitions occur 
here from one Zeeman level to another, if the alter- 
nating field satisfies Bohr’s frequency condition for 
the energy difference between the two levels. How- 


ever, instead of optical frequencies one deals here 
normally with frequencies in the radio range, so that 
this application of the magnetic resonance method, 
like our own, is properly labeled as belonging to the 
new field of radiofrequenty spectroscopy. In the 
beam technique it has the great advantage of dis- 
pensing with a knowledge of the deflecting inhomo- 
geneous fields, since the deflection is merely used now 
as an indicator for the oceurrence of transitions in 
the homogeneous field region. A very much greater 
accuracy can thus be obtained; it led, for example, 
to the knowledge of the magnetic moments of the 
proton and the deuteron with an accuracy of about 
one part in a thousand and to the important dis- 
covery of a small but finite electrical quadrupole 
moment of the deuteron (5) in 1939. 

The first use of the magnetic resonance method 
was suggested in 1936 by Gorter (6) in an attempt 
to detect the resonance absorption of radio quanta 
through the heating ofa erystal. While the results 
of this experiment were negative, Rabi (7) in 1937 
has treated the transitions in a rotating field and has 
pointed out their use in atomic and molecular beams. 

Coming from quite a different direction, I was led 
at that time to similar ideas. They originated from 
my preceding work, which dealt with the magnetic 
moment of the neutron and which had been stimulated 
by Stern’s previously mentioned measurement of the 
magnetic moment of the deuteron (2). The idea that 
a neutral elementary particle should possess an in- 
trinsic magnetic moment had a particular fascination 
to me, since it was in such striking contrast to the 
then only existing theory of an intrinsic moment 
which had been given by Dirae (8) for the electron. 
Combining relativistic and quantum effects, he had 
shown that the magnetic moment of the electron was 
a direct consequence of its charge, and it was clear 
that the magnetic moment of the neutron would have 
to have an entirely different origin. It seemed im- 
portant to furnish a direct experimental proof for 
the existence of a magnetic moment of the free 
neutron, and I pointed out in 1936 (9) that such a 
proof could be obtained by observing the scattering 
of slow neutrons in iron. The very strongly inhomo- 
geneous magnetic field in the neighborhood of each 
iron atom was shown to affect a passing neutron 
through its magnetic moment and thus to lead to an 
appreciable magnetic scattering effect; it was shown 
at the same time that magnetic scattering would lead 
to the polarization of neutron beams. The existence 
of this effect was first clearly demonstrated in 1937 
by a group of investigators at Columbia University 
(10), and it opened up the possibility of further work 
with polarized neutron beams. 

The most desirable goal to be reached here was 
that of accurately measuring the magnetic moment 
of the neutron. It occurred to me that resonance de- 
polarization could be achieved by passing a polarized 
neutron beam through a region where a weak oscil- 
lating field is superimposed on a strong constant 
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field, provided that the frequency of the former is 
equal to the frequency with which the neutron mo- 
ment carries out a precessional motion around the 
direction of the constant field. A knowledge of this 
field and of the corresponding resonance frequency 
directly determines the magnetic moment under the 
safe assumption that the spin of the neutron is one- 
half, and the magnet scattering effect enters in this 
arrangement merely as an indicator for the occurrence 
of resonance depolarization. The application to polar- 
ized neutron beams was also noted by Rabi (7) in 
his previously mentioned original paper on the mag- 
netic resonance method. It was first achieved in 1939 
by Alvarez and myself (11) with the use of the 
Berkeley cyclotron, and it yielded a value for the 
magnetic moment of the neutron that was consistent 
with that of the deuteron if one assumed the latter 
to be additively composed of the moments of the 
proton and the neutron. The accuracy of this measure- 
ment amounted to about one per cent and was partly 
limited by that with which the strength of the con- 
stant field could be determined. Another limit of 
accuracy arose from the smallness of the observed 
polarization effect, but a subsequent systematic in- 
vestigation of neutron polarization (12), carried out 
with the Stanford cyclotron, showed how this effect 
could be greatly increased. 

It was of considerable importance to improve the 
accuracy of the determination of the neutron moment 
to at least one part in a thousand in order to test 
small deviations from the additivity of the moments 
of the proton and the neutron, which could be ex- 
pected in connection with the finite electric quadrupole 
moment of the deuteron, according to the theoretical 
work of Rarita and Schwinger (13). The fact that 
higher accuracy hinged essentially upon that of a field 
calibration and the search for a suitable and con- 
venient standard led me te new ideas when, toward 
the end of the last world war, my thoughts turned 
back to the continuation of my previous work. 

The essential fact of the magnetic resonance con- 
sists in the change of orientation of nuclear moments, 
and the methods to be employed in molecular and 
atomic beams as well as in neutron beams are pri- 
marily indicated by different ways to detect this 
change. The acquaintance with radio techniques dur- 
ing the war suggested to me still another and much 
simpler way, that of detecting the reorientation of 
nuclear moments through the normal methods of 
radio reception. The signals to be detected would 
be due to the electromagnetic induction caused by 
nuclear reorientation and should appear as a volt- 
age difference between the terminals of an external 
electric circuit. I believe that this is the most gen- 
eral and distinctive feature of our discovery, and 
it is for this reason that I chose for it the name of 
“nuclear induction.” Purcell, whose independent ap- 
proach was largely based on considerations of energy 
relations, has chosen to call it “nuclear magnetic 
resonance absorption,” but soon after our respective 
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initial work and despite its apparent difference, it 
became clear that it was based upon the same prin- 
ciple. 

In order to understand this principle, one can start 
from macroscopic quantities and describe the under- 
lying phenomenon in classical terms. Consider for 
this purpose, as a typical example, about one cubic 
centimeter of water with the protons contained in it 
as the nuclei under investigation. Their magnetic mo- 
ments are oriented in a completely random manner 
in the absence of an external magnetic field; after 
the sample has been brought into such a field, how- 
ever, there will be established a new thermal equilib- 
rium in which the magnetic moments are distributed 
with a slight surplus parallel to the field. Even in 
relatively strong fields of the order of 10,000 gauss 
this surplus will, at room temperature, amount to no 
more than about one part in a million. While its 
direct observation would be difficult, there thus exists 
a “nuclear paramagnetism” in the sense that one deals 
with a finite macroscopic nuclear polarization which 
is both parallel and proportional to the applied ex- 
ternal field. The establishment of thermal equilibrium 
demands the transfer of the energy released by the 
partial orientation of the nuclear moments into heat, 
and it can take place only through interaction of 
these moments with their molecular surroundings. 
The strength of this interaction determines the time 
interval required for the nuclear moments to adjust 
themselves to the equilibrium conditions; it is meas- 
ured by the “relaxation time,” as in the analogous 
ease of atomic paramagnetism. The role of the re- 
laxation time is of basic significance for our experi- 
ments,, and I shall soon come back to its discussion. 

For the moment, we shall return to the equilibrium 
state, once it is established, and to the description of 
the nuclear polarization under the conditions of mag- 
netic resonance. A simple mechanical consideration 
of the gyroscope shows that an alternating field at 
right angles to the constant field has the effect of 
tilting the direction of the polarization with respect 
to the constant field, and that the polarization will 


_ thereupon continue to perform a precessional rota- 


tion around this field. The angular frequency of pre- 
cession is proportional to the field with a constant 
of proportionality which is called the “gyromagnetic 
ratio” of the nuclei and which is equal to the ratio 
of their magnetic moment and their intrinsic angular 
momentum. From a perfectly macroscopic point of 
view, one thus deals with a situation in which the 
protons in our cubic centimeter of water have the 
effect of an invisible compass needle rotating in its 
interior. The “invisibility” refers actually only to 
observation of optical frequencies; the rotation oc- 
curs in the range of radiofrequencies, and it can very 
well be observed by using Faraday’s law of induction. 
Indeed, the rotation of our compass needle is ac- 
companied by that of a magnetic field which possesses 
an alternating component perpendicular to the axis 
of rotation, and hence by an electromotive force, 
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induced in a suitably wound coil of wire around the 
sample. From here on it is merely a matter of the 
standard techniques of radio reception to rectify and 
amplify this electromotive force so that it can be re- 
corded on a voltmeter, displayed on a ecathode-ray 
oscillograph, or made audible in a loudspeaker. 
What amazed me most in my first calculations on 
this effect was the magnitude of the signals which 
one could expect from nuclear induction. In our ex- 
ample of a cubic centimeter of water in a normal field 
of a few thousand gauss they turned out to amount 
to the order of a millivolt. This magnitude is well 
above the noise which accompanies any radio re- 
ceiver and which sets the ultimate limit of signal 
detection. It should be observed here that, being a 
phenomenon of fluctuations, the noise can always be 
reduced by averaging over sufficiently long times. 
This procedure was used later to increase very greatly 
the sensitivity of the method; it is characteristic of 
the present possibilities that my collaborators have 
succeeded in the last few years in detecting in natural 
water signals arising from deuterium and from the 
isotope of oxygen with atomie mass 17, despite their 
low abundances of 0.02 and 0.04 per cent, respectively. 
The existence and detection of a precessing nuclear 
polarization in a sample represents to my mind the 
basis of nuclear induction. It is, however, necessary 
to consider also the features which produce and 
counteract the tilt of the polarization with respect 
to the constant field. Magnetie resonance enters here 
as the most important means of producing the tilt, 
since it allows its achievement under the application 
of relatively weak oscillating fields. In fact, it is a 
common feature of every resonance phenomenon 
that relatively weak external forces can produce large 
effects if their frequency is equal to the natural fre- 
quency of the system to which they are applied. The 
natural frequency in question is, in our ease, that 
with which the nuclear polarization precesses by it- 
self around the constant field, and the practical way 
to determine this frequency is to vary either that of 
the applied alternating field or the magnitude of the 
constant field until resonance conditions are estab- 
lished and detected by a maximum of the observed 
nuclear induction signal. The simultaneous knowledge 
of resonance field and frequency then directly yields, 
as in the use of magnetic resonance in molecular 
beams, the gyromagnetic ratio and, with a knowledge 
of the spin, the magnetic moment of the nucleus. 
Actually, it is also possible to determine the spin 
separately by using the additional piece of informa- 
tion contained in the intensity of the observed signal. 
To follow the analog of mechanical resonance we 
must now come back to relaxation, which can be seen 
to act like a friction and which counteracts the tilt 
produced by the alternating field. If the friction is 
large, i.e., if the relaxation time is short, it will either 
reduce the effect for a given amplitude or require a 
correspondingly larger amplitude of the alternating 
field. It will, in either case, result in a relatively 


428 


broad resonance line, thus diminishing the accuracy 
of the measurement. While from this point of view it 
is undesirable t:: have too short a relaxation time, it 
is equally undesirable to have it too long, since the 
very circumstance of prodding its tilt diminishes the 
magnitude of the polarization so that it requires the 
refreshing influence of the relaxation mechanism to 
bring it back to its equilibrium value. 

There was not much known about the magnitude of 
nuclear relaxation times when Pureell and I started 
our first experiments on nuclear induction, and the 
main doubt about their suecess arose from the possi- 
bility of insufficient relaxation. In fact, it seems, in 
retrospect, that the failure of Gorter’s first attempt 
(6), as well as of a second one, undertaken in 1942 
(14), was primarily due to this cireumstance. While 
EK. M. Pureell, H. C. Torrey, and R. V. Pound (15), 
toward the end of 1945, obtained their first positive 
results from protons in paraffin, the late W. W. 
Hansen, M. E. Packard, and I (16) found ours a few 
weeks later in water without either group knowing 
anything about the work of the other. The relaxation 
time of paraffin has the convenient value of about 
1/100 second, whereas pure water has a somewhat 
unfavorably long relaxation time of about 2 seconds. 
Neither of these two values had been foreseen, and I 
was fully prepared to find the relaxation time of 
pure water considerably longer and, in fact, too long 
for our method of observation. It was known, how- 
ever, that the conversion of ortho- and parahydrogen 
was accelerated by the presence of paramagnetic 
atoms and molecules; this mechanism has the com- 
mon feature, with the attainment of the equilibrium 
polarization of protons, that it requires a random 
process of nuclear reorientation, and it had been 
understood to take place through the magnetic field 
of the paramagnetic catalyst acting upon the mag- 
netic moment of the proton. An estimate showed 
that, depending upon thé concentration of a para- 
magnetic salt dissolved in water, a wide range of 
relaxation times, going down to values of the order 
of 10-5 second, could be obtained. Before starting 
our observations we therefore had prepared solutions 
of the paramagnetic iron nitrate in water, and al- 
though the first weak signals were received from pure 
water we found, shortly afterward, considerably 
stronger signals from a solution with about one-half 
molar concentration of iron nitrate. The signals ap- 
peared as rather broad lines on the cathode-ray os- 
cillograph because of insufficient homogeneity of the 
constant magnetic field. 

Since the width of the resonance line determines 
the accuracy with which magnetic moments can be 
determined, we shall briefly consider the conditions 
necessary for obtaining sharp lines. In the first place, 
it is necessary that the constant field have the same 
value in all parts of the sample; in the second place, 
one must not choose an excessive amplitude of the 
alternating field, since this too would cause an ex- 
cessive broadening. The ultimate limit is given by the 
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natural width of the line, and it is closely related to 
the relaxation time; it can be seen, in fact, that the 
relative accuracy of a measurement by nuclear induc- 
tion, due to the natural line width, is limited to the 
order of the number of cycles which the nuclear po- 
larization carries out in its precession around the 
constant field during the relaxation time. As an ex- 
ample, we shall again consideg protons in pure water 
and in a field of 10,000 gauss; the frequency of pre- 
cession is here 42.5 megacyeles per second, so that 
about 10° cycles are performed during the relaxation 
time of approximately 2 seconds. This means that an 
accuracy of about 1 part in 100 millions could be, in 
principle, achieved here, provided that one had a suf- 
ficiently homogeneous field available. Although this 
limit has not yet been reached, it is noteworthy that 
in water, alcohol, and other liquids, resolutions of 
one part in 10 millions have actually been achieved. 
It is indeed the possibility of coherent observation 
over a large number of cycles which allows the use 
of nuclear induction as a method of high precision 
measurements. In fulfillment of my original plans, it 
was applied by H. H. Staub, D. B. Nicodemus, and 
myself to the magnetic moments of the proton, the 
neutron and the deuteron (17), and it resulted not 
only in the verification of the previously mentioned 
deviation from additivity in the deuteron (13), but 
in its measurement with an accuracy that is beyond 
the present scope of the theory of nuclear forces. It 
was particularly gratifying to me to obtain these re- 
sults from experiments combining the polarization 
and magnetic resonance depolarization of neutrons 
with nuclear induction. 

The description of nuclear induction which I have 
presented follows closely my own original thoughts 
on the subject, but it can equally well be approached 
from other angles. The simplest one is probably that 
of Gorter (6) in his first attempt to detect nuclear 
magnetic resonance. We have seen before that the al- 
ternating field tilts the nuclear polarization against 
the constant field. This process requires a certain 
amount of work which, through relaxation, will reap- 
pear in the form of heat produced in the sample. The 
effect in fact does not involve induction but repre- 
sents pure nuclear resonance absorption; however, it 
would be very slight, and it has not yet been estab- 
lished. A second attempt of Gorter (74), carried out 
later, is based upon the fact that the nuclear para- 
magnetic susceptibility has a maximum for radio- 
frequencies, corresponding to magnetic resonance 
conditions; it woul manifest itself in the frequency 
of an electric oscillator of which a coil, surrounding 
the sample, forms the self-inductance. This scheme 
is actually one of the many others that can be devised 
for the observation of nuclear induction and, if sue- 
cessful, would have represented the first demonstra- 
tion of the effect. Pureell’s first successful experiment 
involved the electrodynamical aspect of absorption 
in so far as its occurrence under resonance condi- 
tions was manifested through the increased loss of a 
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ess 
Fic. 1. The head of the crossed coil arrangement with the 
cover plate removed. The bottom tube to the right contains 
the leads to the transmitter coil which is wound in two sec- 
tions visible in black in the head. The black cable leads from 
the receiver coil to the amplifier; the receiver coil is wound 
with a vertical axis inside the hollow lucite piece between 
the two sections of the transmitter coil. The sample test tubes 


are placed in its interior through the circular hole at the top 
of the supporting frame. 


cavity resonator; the cavity was replaced in his sue- 
ceeding arrangements by more conventional cireuit 
elements. A particularly suitable and convenient ar- 


Fig. 2. The same head as in Fig. 1, about to be inserted in 
the gap of an electromagnet and containing a sample test 
tube. The two protruding lucite rods between the leads reach 
into the interior of the head and carry small copper disks; 
a fine adjustment of the coupling is achieved by rotation of 
these “paddles.” 
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rangement consists of a radiofrequency bridge, which 
contains in one arm a coil, surrounding the sample. 
As a consequence of nuclear induction there occurs, 
under resonance conditions, a change of the imped- 
ance of this coil and thereby a readily detectable 
change in the balance of the bridge. It should be re- 
marked that the change of impedance is complex, 
with its real part corresponding to absorption, its 
imaginary part to dispersion. This fact can be traced 
back to the phase relation between the nuclear induc- 
tion signal and the applied radiofrequency field, and 
the phase sensitivity of the bridge allows the obser- 
vation of the effect either as absorption or as dis- 
persion or as a combination of both. 

Finally, I shall give a brief description of our own 
original arrangement, which we still use in its prin- 
cipal features. The essential balance which Pureell 
has obtained by a bridge method is here to a large 
extent achieved geometrically by using two radiofre- 
quency coils with their axes oriented at right angles 
to each other and to the constant field. One of them, 
the “transmitter coil,” produces the alternating field, 
while the other, the “receiver coil,” serves for detee- 
tion of the nuclear induction signal (Figs. 1 and 2). 
A small amount of coupling between the two coils is 
admitted to produce a voltage across the receiver coil, 
and its phase with respect to the superimposed voltage 
induced by the nuclei can be adjusted for the obser- 
vation of either absorption or dispersion (Figs. 3 and 
4) in similarity to the bridge method. 

A considerable variety of other circuits has been 
introduced by different investigators. Except for the 
greater or lesser ease of avoiding instrumental diffi- 
culties, they lead to the same ultimate sensitivity and 
accuracy of the method, since they all observe the 
same basic phenomenon. 

There is, however, one distinctive feature in the 
crossed coil arrangement, which automatically yields 
another significant piece of information. The two 
coils imply a sense of rotation around the constant 
field; depending upon whether the nuclear polariza- 
tion precesses in the same or the opposite sense of 


Fic. 3. A resonance line of protons in water, containing 
MnS%, as a paramagnetic catalyst and obtained from the 
phase component of the nuclear induction signal which cor- 
responds to absorption. The photograph is that of the trace 
on a cathode-ray oscillograph with the vertical deflection 
arising from the rectified and amplified signal and the hori- 
zontal deflection corresponding to different values of the 
constant field. 
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Fic. 4. The only difference between this line and that of 
Fig. 3 lies in the adjustment of the observed phase, which 
here is that corresponding to dispersion. 


rotation, there results a phase difference of 180 de- 
grees between the voitage in the receiver coil due to 
coupling with the transmitter coil and the superim- 
posed voltage due to nuclear induction. The action of 
the rectifier translates this phase difference into an 
inversion of the signal, which is directly displayed on 
the oscillograph or on the recording instrument. One 
obtains in this sample manner information about the 
sign of the magnetic moment of the nucleus, defined 
by its relative orientation to the angular momentum, 
since it is this sign which determines the sense of 
rotation of the nuclear polarization in a given field. 
The sign of nuclear moments represents an important 
clue to their interpretation in terms of nuclear strue- 
tures; usually it is referred to the sign of the proton 
moment, which has been known for a considerable 
time to be positive. It has been determined in this 
manner for a number of nuclei where it was not pre- 
viously known. 
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Research in Nuclear Magnetism’ 


E. M. Purcell 
Department of Physics, Harvard University, Cambridge, Massachusetts 


ROFESSOR Biocw has told you how one can 
detect the precession of the magnetic nuclei 
in a drop of water. Commonplace as such 
experiments have become in our laboratories, 
I have not yet lost a feeling of wonder, and of de- 
light, that this delicate motion should reside in all 
the ordinary things around us, revealing itself only 
to him who looks for it. I remember, in the winter of 
our first experiments, just seven years ago, looking on 
snow with new eyes. There the snow lay around my 
doorstep—great heaps of protons quietly precessing 
in the earth’s magnetic field. To see the world for a 
moment as something rich and strange is the private 
reward of many a discovery. But I’m afraid it has 
little bearing on the sober question we, as physicists, 
must ask ourselves: What can we learn from all this 
about the structure of matter? It is my privilege to 
tell you now of some of the things that ean be learned. 
Let us begin with the most direct application of 
nuclear induction methods, the measurement of nu- 
clear magnetic moments. The basis for this is the 
resonance condition 
_ 
= Th’ 
in which f is the frequency of precession of the axis 
of nuclear spin in a magnetic field of strength H,, and 
u is the magnetic moment of the nucleus. The number 
I is the nuclear spin quantum number, an integer or 
half-integer, and h is Planck’s constant. Now Ho, ex- 
cept for a certain slight correction, is simply the field 
of the magnet in which the substance has been put, 
and it can be measured. The frequency of precession, 
once it is detected, is easily measured with high ac- 
curacy, and thus one ean determine the quantity »/Ih. 
However, for practical reasons, it is hard to measure 
the strength of a magnetic field very precisely. This 
difficulty is avoided if one is content to measure the 
ratio of the magnetie moments for two different nu- 
clear species. We could, for example, compare the pre- 
cession frequencies f}; and fp for protons and deuter- 
ons exposed to the same magnetic field H,. A mixture 
of light and heavy water, H,O and D,O, might serve 
as our sample. Then fp/fy is the ratio of the mag- 
netic moment of the deuteron to that of the proton, 
apart from the simple factor Ip /Iy, which is the ratio 
of the spins, in this case 2. In this way the magnetic 
moments of many different nuclei have been measured, 
relative to the moment of the proton, with great pre- 
cision. 
To show what accuracy can be achieved, let me de- 
scribe one example, a very recent experiment by T. F. 
Wimett in the laboratory of Professor Bitter of the 


1 Reprinted with permission of the Nobel Prize Fund. 
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Massachusetts Institute of Technology. The ratio of 
the deuteron moment to the proton moment had been 
earefully determined before by Anderson and Smaller 
at Chicago, and by Siegbahn and Lindstrém here at 
the Nobel Institute. Wimett has now refined this meas- 
urement still further using as his sample the gas HD. 
This substance has a certain advantage: the two dif- 
ferent nuclei are not only in the same vessel, but in 
the same molecule, so there is no doubt that the mag- 
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Dr. Purcell, Professor of Physics at Harvard University, 
was co-winner with Dr. Felix Bloch of the Nobel Physics 
Prize for 1952. He was honored for his discovery of the 
nuclear resonance method of measuring certain nuclear prop- 
erties. His method is similar to but independent of the method 
discovered by Dr. Bloch. 

Dr. Purcell was born in Taylorville, Illinois, in 1912, He 
received his B.A. degree from Purdue University in 1933 and 
his M.A. and Ph.D. degrees from Harvard in 1936 and 1938, 
respectively. He has been associated with the Harvard Physics 
Department since 1936. During the war years he supervised 
a Fundamental Studies Group at the Massachusetts Institute 
of Technology Radiation Laboratory. 


431 


‘ 


t of " 

1ich 

im- 
of 

on 

ne 

ned 

im 

ald. 

ant om 

ton : 

his 

). 

bid., 

, 47 

42). 

hye. 

69, 

025 

118 


Fic, 1. Simultaneous display of deuteron and proton reso- 
nances in HD. The proton trace is inverted. (T. F. Wimett, 
Massachusetts Institute of Technology.) 


netic field at each is the same. Figure 1 shows simul- 
taneous traces of the proton resonance and the deu- 
teron resonance in a field of about 15,000 gauss. You 
will notice at once that the resonances are not simple. 
The proton resonance is a triplet line, almost fully 
resolved, while the deuteron resonance is a cleanly re- 
solved doublet. This has an interesting explanation, to 
which I shall return near the end of my lecture, but 
it has no direct bearing on this experiment except to 
emphasize the extraordinary resolution. The separa- 
tion of the deuteron doublet is only 0.07 gauss, 1 part 
in 200,000 of the applied field. By carefully lining up 
the central proton peak with each deuteron peak, in 
turn, a measurement reliable to about 1 part in 10 mil- 
lion can be made. The determination of the exact fre- 
quency ratio is accomplished by an elaborate scheme 
of harmonic multiplication. Wimett’s result, which he 
kindly gave to me just a few days before I left Cam- 
bridge, is 


u(D) _ 9 307012189 + 0.000000030 

u( 
The results of four earlier experiments of this sort 
are listed in Table 1. Of course the neutron experiment 
is a very special one, and Professor Bloch has de- 
scribed his elegant method for detecting the neutron 
precession frequency. The other values were obtained 
by various investigators (1) in the way I have just 
indicated. These numbers provide a very stringent test 
of any theory of nuclear structure. A wholly satisfac- 
tory theory ought to be able to predict them. As you 
know, we are very far from having such a theory now. 
But even so, the high accuracy is not all wasted. The 
moment of the deuteron is not quite equal to the sum 
of the moments of its separate parts, the neutron and 


TABLE 1 


MAGNETIC MOMENTS OF THE NEUTRON (n), DEUTERON 
(H*), Trrron (H"), anp RELATIVE TO 
THE MOMENT OF THE Proton (H"') 


2 
wi") _ _ 0.685001 BCH") _ 930701225 
+3 +10 
8 3 
1.066636 He") _ _ 0,7618150 
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proton. Thanks to the extreme precision of the experi- 
mental values, this small but significant discrepancy is 
itself fixed quite accurately. 

As we leave the simplest nuclei and proceed through 
the periodic table, the situation changes-a little. The 
experimental precision is just as high, but one must 
apply to the measured frequency ratios a small cor- 
rection to take account of the magnetic shielding effect 
of the atomic electrons. This correction increases rap- 
idly with atomic number. Until better atomic wave 
functions are available, it cannot be calculated reliably 
enough to support the six-figure accuracy of the res- 
onance measurement. There is one important excep- 
tion. For two isotopes of the same element, the corree- 
tion cancels out. Accurate moment ratios for isotopic 
pairs are of considerable interest, especially if the 
hyperfine structure interval for the two isotopes can 
be determined. A. Bohr and Weisskopf (2) have 
shown that such a comparison can reveal something 
about the internal structure of the nucleus. 

Perhaps the greatest present need, through most of 
the periodic table, is for spin values and only moder- 
ately precise moment values, to help test the promising 
shell theories of nuclear structure. Nuclear induction 
methods will surely continue to contribute to this task 
Spin determinations in particular, which depend on 
careful intensity measurements, are likely to receive 
more attention. 

The experimental physicist often needs to measure 
the intensity of a magnetic field. Until recently a pre- 
cise magnetic field measurement has been a formidable 
undertaking, but it is such no longer. At the National 
Bureau of Standards, in Washington, Hipple and his 
collaborators (3) have measured the proton precession 
frequency and, at the same time, have measured in 
absolute units the intensity of their magnetic field. All 
the resources of the Bureau were brought to bear on 
the latter measurement, and an accuracy of 1 part in 
40,000 was achieved. Knowing their result, an experi- 
menter anywhere in the world can determine absolute 
magnetic intensities to the same precision, using equip- 
ment no more elaborate than an ordinary radio re- 
ceiver. He need only determine the proton precession 
frequency in the field in question. Few physical quan- 
tities are as easy to measure accurately as a radio 
frequency, thanks to modern electronic techniques and 
the availability, in most countries, of standard-fre- 
queney broadcasts. 

Already a number of experiments have been per- 
formed in which the nuclear resonance has served as a 
standard of reference. Certain ones are of special 
interest because they have improved our knowledge 
of the fundamental atomic constants. In each of these 
experiments two different magnetic resonance phe- 
nomena have been observed at the same time in the 
same magnet. The phenomena involved are indicated 
in Fig. 2. The precession of the proton moment (Fig. 
2a) we have already described; it is detected and 
measured in a nuclear induction experiment. The elec- 
tron has an intrinsic spin and magnetic moment and it 
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Fic. 2. Four elementary magnetic resonance phenomena. 


also precesses in a magnetic field (Fig. 2b). For the 
same field strength, the electron’s spin-precession fre- 
quency is about 700 times greater than the proton 
precession frequency. A bare proton, moving in a 
magnetic field, revolves in a circular orbit with a cer- 
tain frequency (Fig. 2c). This is the familiar principle 


of the cyclotron and we might name the associated 


frequency the “proton cyclotron frequency.” A free 
electron in a magnetic field likewise revolves in a cir- 
cular orbit, with a frequency that we may call the 
“electron cyclotron frequency.” These “cyclotron fre- 
quencies” are governed simply by the particle’s charge- 
to-mass ratio. If any pair of these resonance phe- 
nomena are compared, in the same magnetic field, the 
field strength cancels out and we are left with a rela- 
tion between certain atomic constants. The experiment 
is thus reduced to the measurement of a frequency 
ratio. 

The ratio of the proton spin-precession frequency to 
the proton cyclotron frequency has been determined 
by Hipple (4), and by Bloch (5), in ways very dif- 
ferent but equally ingenious. (The direct result of this 
measurement is the value of the proton moment in 
nuclear magnetons.) In my laboratory we have meas- 
ured the ratio of the proton precession frequency to 
the cyclotron frequency of free electrons (6). The pre- 


cession of the spin of a truly free electron has not been. 


observed, but Kuseh and his collaborators at Colum- 
bia, by combining the techniques of atomic beams 
and nuclear induction, have determined very precisely 
the ratio of the proton’s precession frequency to that 
of the spinning electron in the hydrogen atom (7). The 
results of these experiments have in one way or an- 
other improved the accuracy of the following constants 
of atomic physies: the Faraday, F’; the specific charge 
of the electron, e/mc; the ratio of the mass of, the 
proton to that of the electron, M/m; the dimension- 
less fine-structure constant, 2xe?/he. They have also 
helped to test the new theoretical advances in quantum 
electrodynamics led by Schwinger. 

We turn now to a very different subject, one whose 
rapid growth was surely not anticipated at the begin- 
ning of this work. That is the study of nuclear mag- 
netism for the light it ean throw on problems of 
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molecular structure and molecular motion, problems 
rather close to physical chemistry. Indeed certain 
branches of this work are now being pursued in chem- 
ical laboratories. We are interested not in the mere 
oceurrence of nuclear resonance at a particular fre- 
quency but in its finer details. The variety that we find 
is suggested by Fig. 3. Here are shown several line 
shapes typical of the proton magnetic resonance in a 
few simple substances. One way to record such a spec- 
trum is to hold the applied magnetic field constant 
while slowly varying the frequency of observation. Iu 
every case the center of the resonance absorption oc- 
curs at very nearly the same frequency, in these sub- 
stances. The line width, on the other hand, varies from 
some 50 kilocycles per second in the ease of ice at low 
temperature, to less than a few cycles per second in 
the case of a liquid like water. (The true width of the 
resonance in water is too small to be shown properly 
in the diagram.) 


CaSQ,-2H,0 
ICE 
Ice 
(single crystal) 
PARAFFIN 
cH,ca, 


WATER 

F164, 8. Line shapes typical of the proton resonance in vari- 
ous substances. The line in water is not drawn to scale; it 
is actually much narrower and more intense than indicated. 

All the effects shown here can be traced to the 
action of the nuclear magnets on one another. In ice, 
each hydrogen nucleus is subjected not only to the 
field of our magnet, which might be several thousand 
gauss, but to the small magnetic field caused by each 
nearby proton in the erystal. Each nearest neighbor 
produces a field of a few gauss, more or less random 
in direction, with the result that the resonance absorp- 
tion for the crystal as a whole is spread out over a 
corresponding interval in frequency. These “local 
magnetic fields” are present in water, too, but their 
effectiveness is destroyed by the rapid molecular dif- 
fusion characteristic of a liquid. Two adjoining mole- 
cules remain neighbors so short a time (about 10-7 
second) that their mutual influence is very slight. 
Thus molecular motion is the key to the striking dif- 
ference between crystals and fluids in respect to the 
width of the nuclear magnetic resonance. 

In many crystals, atoms or molecules occasionally 
jump from one position to another. Although such 
events are rare by most standards, they may occur 
frequently enough to affect the width of the nuclear 
resonance line. In ice, for instance, the line is dis- 
tinetly narrower at — 10° C than at a much lower tem- 
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perature. The narrowing indicates that each hydrogen 
atom undergoes a displacement within the erystal lat- 
tice several thousand times per second. The motion 
involved here is not the familiar thermal vibration of 
an atom in a perfectly elastic crystal, but an abrupt 
shift to a new site. Nuclear resonance studies have dis- 
closed many unsuspected internal motions in erystals, 
and have helped to reveal the exact nature of motions 
already suggested by other physical or chemical evi- 
dence (8). 

If the magnetic nuclei in a crystal are clustered 
together in pairs, the action of the nuclear magnets 
on each other causes a doubling of the magnetic res- 
onance line. Further distortion is caused by more 
remote neighbors, and the width of the pattern as a 
whole depends on the orientation of the nuclear pair 
with respect to the magnetic field. Rather complicated 
effects are possible, some of which are illustrated in 
Fig. 3. From a complicated effect that is also well 
understood, one can usually get a good deal of infor- 
mation. These magnetic interactions are now rather 
well understood. I shall mention only one recent ap- 
plication of the technique to a chemical problem. 

Groups of three equidistant protons in randomly 
oriented crystals give, characteristically, a line with 
three humps. The methyl chloroform line, in Fig. 3, 
is an example. We have a complete quantitative 
theory of this line structure (9). Last year Rich- 
ards and Smith (10) at Oxford, and quite independ- 
ently, Kakiuchi and others (11) in Tokyo, studied 
the proton resonance in perchloric acid monohydrate 
(HC1O,:H,O) and certain related substances, This 
type of line was found. They were able to prove 
thereby that in these erystals the “hydronium” ion, 
OH,*, exists and to determine its dimensions. It is 
well known that hydrogen atoms are very hard to 


Fig, 4. A nucleus with an electric quadrupole moment in 
a uniform magnetic field (B) and a nonuniform electric field 
{e). Lower trace : Na™ resonance in a single crystal of NaNO,, 
showing splitting of magnetic resonance line into a triplet. 
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locate by x-ray diffraction. Here is an opportunity 
for nuclear resonance studies to supplement, in special 
cases, the more general methods of structure analysis. 

Many nuclei have, in addition to an intrinsic mag- 
netic dipole moment, an eleetrie quadrupole moment. 
This is a way of saying that the electric charge of the 
nucleus is not distributed evenly over a sphere. One 
may think of the nucleus as either an elongated or a 
flattened ellipsoid. If such a nucleus is put into a 
nonuniform electric field, it experiences a torque, and 
precesses. (You will recall that the slow precession of 
the earth’s axis is a consequence of the ellipticity 
of the earth and the nonuniform gravitational fields 
of the moon and sun.) The nuelei in many crystals 
find themselves in nonuniform electric fields arising 
from their immediate atomic surroundings. A nuclear 
electric quadrupole moment then manifests itself in a 
splitting of the magnetic resonance line. To put it an- 
other way, the energy associated with each of the pos- 
sible orientations of the nuclear spin in a magnetic 
field is somewhat altered by the electric effect. This 
is illustrated in Fig. 4. The trace in Fig. 4 is the 
nuclear resonance spectrum of Na**® in a erystal of 
sodium nitrate. The line is widely split into a triplet 
by the quadrupole interaction. The number of com- 
ponents is always twice the nuclear spin I, so we have 
here a way of determining nuclear spins. This example 
is due to R. V. Pound who was the first to investigate 
these effects in erystals (12). 

Another interesting and fruitful branch of nuclear 
magnetism is the study of nuclear relaxation, by which 
I shall mean here the attainment of thermal equi- 
librium between the nuclear spins and their environ- 
ment. Professor Bloch has referred to the crucial im- 
portance of relaxation in all these experiments. In the 
first experiment of Torrey, Pound, and myself, this 
question gave us much concern. Our approach was 
somewhat different from Bloch’s and was based on a 
theoretical paper of fundamental importance by Pro- 
fessor Waller (73). Waller, in 1932, was dealing with 
relaxation in electronic paramagnetism, but Torrey 
was able to adapt his results to our case, with the con- 
clusion that equilibrium should certainly be reached 
within several hours. We then designed the experi- 
ment so that, even if so long a time were required, 
the resonance could still be detected. As it turned out, 
the precaution was unnecessary, but that was our in- 
troduction to a fascinating problem that has occupied 
our attention ever since. 

I believe we now have a good understanding of 
nuclear relaxation in many, though not all, physical 
systems. Experimentally, we find that the time to es- 
tablish thermal equilibrium ranges widely from hours, 
in some substances, down to fractions of a millisecond 
in others. I show only one example, and that mainly 
to clarify the meaning of the term relaxation. Figure 5 
is a plot of the gradual approach to equilibrium mag- 
netization of an originally unmagnetized erystal of 
ammonium bromide. This can be called, quite prop- 
erly, a cooling curve. The nuclear spins, in order to 
align themselves with the magnetic field, must give off 
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Fic. 5. The gradual approach to equilibrium magnetization. 
The ordinate is proportional to the intensity of nuclear 
polarization. 


energy to the crystal lattice. They are coupled so 
weakly to the lattice that the transfer of energy takes 
more than several minutes. Actually the approach to 
equilibrium is exponential, and the corresponding time 
constant, in this example 32 seconds, is what one calls 
the spin-lattice relaxation time. 

It may seem astonishing, at first, that so long a time 
is associated with an atomie process. But in fact, if 
one looks at the problem more closely, it is hard to 
understand why the time is not much longer. More- 
over, this crystal, at a somewhat higher temperature, 
has a relaxation time of only 0.01 second! The ex- 
planation of this, and of similar behavior in a wide 
class of substances, lies in internal molecular motions 
other than mere vibration. It is closely connected with 
the cause of line-narrowing, mentioned earlier. The 
particular motion occurring in the ammonium halides 
is a sudden rotation of the whole tetrahedral am- 
monium ion inside the cubic unit cell. 

We have now a fairly general theory of nuclear 
relaxation (14), a theory that has proved reliable 
enough to allow one to draw conclusions about the 
nature of the internal motion in a substance from the 
observed nuclear relaxation. My early collaborator, N. 


Bloembergen, has made essential contributions to this . 


subject. Experimental work at Oxford and at Leiden 
has added much to our knowledge of other aspects of 
nuclear relaxation. In many respects this is only a new 
branch of a somewhat older subject, paramagnetic re- 
laxation, in the study of which the Dutch laboratories 
and especially Professor Gorter, have long led. The 
problem of nuclear relaxation has a special attraction 
for the low-temperature physicist because, as Pro- 
fessor Simon pointed out many years ago, nuclear 
magnetization offers a way toward extremely low tem- 
peratures, providing the nuclear spins can exchange 
heat with something else. 

There remain several puzzling aspects of nuclear 
relaxation. In trying to understand them we find our- 
selves still returning to some of the ideas advanced 
twenty years ago by Professor Waller. While I speak 
of theoretical contributions to nuclear magnetism, I 
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must mention also Professor Van Vleck, who has put 
the theory of line-width on a rigorous basis, a notable 
advance (15). 

It is an old story in physics that higher resolving 
power leads to new effects. We remember that the 
magnetic moment of the nucleus was itself discovered 
through the hyperfine structure of lines in the visible 
spectrum. The nuclear resonance line in a liquid or 
gas can be remarkably narrow, as you have already 
seen. As soon as the reason for this was recognized, 
it became clear that the only practical limit on resolu- 
tion was the inhomogeneity of the magnetic field ap- 
plied to the specimen. Efforts were made in many lab- 
oratories to improve the magnets, and to use smaller 
specimens as well. With the improved resolution, it 
was found that identical nuclei, in the same applied 
field but in chemically different molecules, do not pre- 
cess at exactly the same frequency. The explanation is 
simple: the magnetic field at an atomic nucleus dif- 
fers slightly from the field externally applied because 
of the shielding effect of the electron cloud around the 
nucleus. In different molecules the atom’s electron con- 
figuration will differ slightly, reflecting differences in 
the chemical bond. The resulting resonance shifts have 
been called “chemical shifts.” They are only a nuisance 
to the experimenter interested in exact ratios of mag- 
netic moments. But they are interesting to the physical 
chemist because they reveal something about the elec- 
trons that partake in the chemical bond. 

No laboratory has more assiduously pursued high 
resolution than Professor Bloch’s, where the striking 
example shown in Fig. 6 was discovered (16). This is 
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Fic. 6. The proton resonance in ethyl alcohol, observed 
with high resolution. The three lines arise from the CH, hydro- 
gens, from the CH, hydrogens, and from the OH, hydrogens, 
respectively. 


the proton resonance in ethyl alcohol, seen under very 
high resolution. Each line comes from a chemically 
equivalent group of protons in the molecule, the in- 
tensity being proportional to the number of hydrogen 
atoms involved, 3 (methyl group), 2 (CH, group), 
and 1 (hydroxyl), respectively. 

I can now return to the splitting observed in the 
proton and deuteron resonances in Fig. 1. This split- 
ting does not arise from any effect on the applied field, 
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but from an indirect coupling of the proton to the 
deuteron ‘through the medium of the two electrons in 
the HD molecule. It is as much an intrinsie property 
of the HD molecule as is the optical spectrum of the 
molecule (17). The splitting amounts to 43 eyecles per 
second. I am sure we have only begun to explore the 
domain of very weak interactions—the “audio spec- 
trum” of molecules, if I may eall it that. 


This has been a long story and a complicated one, 
I’m afraid. We are dealing not merely with a new tool 
but with a new subject, a subject I have called simply 
nuclear magnetism. If you will think of the history 
of ordinary magnetism, the electronic kind, you will 
remember that it has been rich in difficult and pro- 
vocative problems and full of surprises. Nuclear mag- 
netism, so far as we have gone, is like that too. 
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News and Notes 


Scientists in the News 


Charles B. Hitchcock has been appointed Director 
of the American Geographical Society. He has been 
Head of the Department of Hispanic American Re- 
search since 1938, and for the past three years has 
also served as Executive Secretary of the Society. Dr. 
Hitcheock sueceeds George H. T. Kimble, who has re- 
signed to direct the Twentieth Century Fund’s Survey 
of Tropical Africa. 


Herman W. Hoerlin, formerly head of the physics 
laboratory in the research department of the Ansco 
Corporation at Binghamton, N.Y., has been made a 
group leader in the Test Division of the Los Alamos 
Scientific Laboratory. 


Herbert W. Johnson, leader of Federal-State soy- 
bean research in North Carolina and South Carolina, 
has been transferred to the U.S. Department of Agri- 
culture’s Plant Industry Station at Beltsville, Md. He 
will assist D. F. Beard, Head of the Division of 
Forage Crops and Diseases, in supervising the soy- 
bean improvement program. He will also take over 
much of the former work of Martin G. Weiss, who in 
February was made Director of Research in Field 
Crops for the Bureau of Plant Industry, Soils and 
Agricultural Engineering. 


Three visiting professors from abroad will be on 
the staff of the College of Medicine of the State Uni- 
versity of New York, Brooklyn, during 1953-54. 
Francois Kleyntjens, Adjunct Professor and Acting 
Chief of the Department of Neurology at Brussels 
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University Hospital, will serve as Visiting Professor 
of Physiology; Edward Solomons, obstetrician and 
gynecologist of Steevens Hospital, Dublin, will be the 
joint guest of the college’s Department of Obstetries 
and Gynecology and of Maimonides Hospital; and 
Brian MacMahon of Birmingham, England, will be 
Visiting Lecturer in the Department of Environ- 
mental Medicine and Community Health. 


I. M. Kolthoff, Chief of the Analytical Division of 
the University of Minyesota School of Chemistry, is 
the new president of the Analytical Chemistry See- 
tion of the International Union of Pure and Applied 
Chemistry. With his election, Dr. Kolthoff also auto- 
matically becomes a vice president of the Union. 


Philip G. Koontz, Professor of Physies at the Col- 
lege of Wooster, Wooster, Ohio, is on leave of absence 
from his teaching post in order to work in the Weap- 
ons Division of the Los Alamos Scientifie Laboratory. 


George K. K. Link, Professor of Botany at the 
University of Chieago, has retired after 29 years of 
service. He holds a B.S. and Ph.D. from the University 
of Chicago, and an M.S. from the University of 
Nebraska. From 1917 to 1924 he served as a specialist 
in market pathology with the U.S. Department of 
Agriculture. A mountaineer, Dr. Link is president of 
the Lake O’Hara Trail Club, organized in 1948 at 
Yoho National Park, British Columbia. He made the 
third ascent of Mt. Stephen from Lake O’Hara in 
1952. 

At Chicago, Dr. Link developed a distinctive ap- 
proach to the concept of disease and expanded plant 
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pathology into a broad science showing the unity of 
all organisms. With E. 8. G. Barron of the Depart- 
ment of Medicine, he has collaborated on the aspects 
of metabolism in various pathological situations, albi- 
nism of corn, black heart of potato, crown-gall, and 
a plant wilt. Dr. Link plans to publish in book form 
a syllabus on general plant pathology, and he is also 
completing, in collaboration with Professor Einarson 
of the Department of Greek, the final translation of 
the oldest extant treatise on plant ecology, physiology, 
and pathology written by Theophrastus more than 
2000 years ago. 


Franklin C. McLean, Professor of Physiology at the 
University of Chicago, has retired after 33 years of 
service. Dr. McLean, who served as first director of 
the University of Chieago Clinies when it was founded 
in 1927, was Director of Toxicology for the United 
States Chemical Warfare Service during World War 
II. A lieutenant colonel, Dr. McLean received the 
Legion of Merit for his work at Edgewood Arsenal, 
where he was in charge of improving the effectiveness 
of gases, and for his work with the British-American 
coordination staff on the San José project in Panama 
in testing gas warfare equipment. 

He was Director of the Peking Union Medical Col- 
lege from 1916 to 1920 during the building and or- 
ganizing of the staff of the medical school and hos- 
pital, and Director of the University Clinics from 
1927 to 1932. 

An observer of the atom bomb tests at Eniwetok in 
1948, Dr. McLean, is now Deputy Chairman of the 
Joint Panel on Medical Aspects of Atomic Warfare, 
Research and Development Board of the Department 
of Defense, and Director of the U.S. Air Force project 
at the University of Chicago. He will remain at the 
University to continue research on the physiology 
of the bone, a project now being conducted on a 
Josiah Macy, Jr. Foundation grant. 


Harry A. Marmer, Assistant Chief, Division of 
Tides and Currents, U.S. Coast and Geodetic Survey, 
has retired after 46 years of service. Mr. Marmer 
was born in the Ukraine and came to this country at 
the age of four. He was graduated from Rutgers 
University in 1907 with a B.S. degree in engineering, 
and that year joined the staff of the Coast and Geo- 
detic Survey, where he has spent his entire profes- 
sional career. In 1931, Mr. Marmer received an M.S. 
degree from Rutgers. 

During his years with the Survey, Mr. Marmer 
won international recognition as an expert on tides, 
currents, tidal datum planes, and related oceano- 
graphic subjects. In addition to his present title, he 
has also been serving as Chief Tidal Mathematician 
and Chief of the Section of Field Work. He is the 
author of two books, The Tide and The Sea, which 
are recognized as standard textbooks, and he has 
written a number of official Survey publications. 
Since his writings are authoritative in the field of 
oceanography, they have been used by the Supreme 
Court in eases involving riparian rights. Mr. Marmer 
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has been responsible for the establishment of: tide 
stations in the United States, South America, and 
the Pacific Islands. The two stations in which he takes 
particular pride are those located in the Straits of 
Magellan and at Guadalcanal. 

He is the recipient of many awards and citations, 
the most notable being the Alexander Agassiz Medal. 
which was awarded him by the National Academy of 
Sciences for original contribution in the science of 
oceanography. He also received the 1949 Department 
of Commerce Gold Medal for exceptional service to 
the nation. 


Henry J. Noebels, who for the past eight years has 
been in charge of the physical instrumental analyti- 
eal research laboratory at the Heyden Chemical Com- 
pany, Garfield, N.J., has been appointed head of the 
Applications Engineering Division of Beekman In- 
struments, Ine., Chicago. 


Lester Scheel has been appointed Acting Direetor 
of the Biochemistry Department of Trudeau Sana- 
torium and Foundation. Dr. Scheel has been asso- 
ciated with Trudeau since 1949. 


At the annual meeting of the New Jersey Society of 
Clinical Pathologists Elmer L. Shaffer, Director of 
the Division of Laboratories of the N.J. State Depart- 
ment of Health, received an award for “outstanding 
services.” 


Education 


The Division of Organic and Fibrous Materials of 
the National Bureau of Standards is sponsoring a 
series of six lectures on the Chemistry and Physics of 
High Polymers. The second and third lectures will be 
given on Nov. 6th and 30th. The meetings are open to 
the general public and further information may be 
obtained from Dr. Leo Mandelkern, Rubber Section, 
National Bureau of Standards, Washington 25, D.C. 


A new cooperative attack on the emotional diffi- 
culties and behavioral problems which beset many 
children today is being launched by the Harvard 
Medical School, the Children’s Hospital, and the Judge 
Baker Guidance Center. It will cover the full range 
of childhood from infancy through adolescence. 

The three institutions are bringing together their 
resources in a program of treatment, research, and 
teaching in the field of child guidance and psychiatry. 
The Judge Baker Guidance Center will continue all 
of its past activities as an independent service agency, 
but George E. Gardner, its Director, will head the 
new cooperative program. He will have the additional 
titles of Clinieal Professor of Psychiatry at Harvard 
and Psychiatrist-in-Chief at the Children’s Hospital. 

Under the cooperative plan, doctors in training will 
have the opportunity to acquaint themselves with the 
major types of childhood disorders—the behavioral 
symptoms treated at the Judge Baker Center, and the 
relation of mental to physical health dealt with at 
the Children’s Hospital. 
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The U.S. Atomic Energy Commission has issued 
a booklet entitled “Laboratory Experiments with 
Radioisotopes for High School Science Demonstra- 
tions” to assist high school science teachers in setting 
up experiments with radioisotopes. 

Deseribing 20 experiments involving the use of 
radioisotopes, the booklet also explains how nuclear 
radiations are detected and measured. The purpose 
of the experiments is to bring to students a realization 
that rays are emitted by radioactive or “excited” 
atoms, that these rays can be detected and measured 
only with special instruments, and that they have im- 
portant uses as research tools in biology, chemistry, 
earth science, and physics. 

The booklet has been placed on sale (price, 25¢) 
by the Superintendent of Documents, U.S. Govern- 
ment Printing Office, Washington 25, D:C. 


The New York Psychoanalytic Institute has organ- 
ized a series of lectures and seminars for scholars in 
the social sciences and humanities. This program, 
given in The School of Applied Psychoanalysis, is an 
educational experiment designed to integrate the 
knowledge of psychoanalysis with other sciences. 

Introductory courses on the theory of psychoanaly- 
sis are offered initially, while advanced courses deal 
with illustrations in allied fields such as sociology, 
political science, anthropology, art and literature, and 
religion. A catalog may be obtained from The New 
York Psychoanalytic Institute, 247 E. 82 St., New 
York 28, N.Y. 


In connection with the award to him of the Isaac 
Ray Award for 1953 (New and Notes, July 24), 
Gregory Zilboorg, psychiatrist and Associate Clinical 
Professor at the New York Medical College and the 
New York State University Medical School, has com- 
menced a series of six lectures at Yale University on 
the general topic “The Psychology and Psychopa- 
thology of the Criminal Act and Punishment.” The first 
lecture will be delivered Oct. 14 and there will be five 
more on successive Wednesdays. Dr. Zilboorg’s talks 
are being sponsored by the Yale Study Unit in Psy- 
chiatry and Law, a unique teaching and research 
group composed of faculty members of the Law 
School and the Department of Psychiatry. 


The School of Medicine at the University of South- 
ern California celebrated its twenty-fifth anniversary 
last month. 


A $30,000 grant from the W. K. Kellogg Founda- 
tion of Battle Creek, Michigan, has been made to the 
Woman’s Medical College of Pennsylvania “for the 
purpose of developing a program of teaching and 
research in Preventive Medicine.” This grant will 
be paid in units of $10,000 a year, effective July 20, 
1953. The Department is under the direction of Katha- 
rine R. Boucot, Professor of Preventive Medicine. 

In August, ground was broken for the $115,000 
Martha Tracy Preventive Medicine Wing, a two-story 
unit to house the Department which is being built 
onto the west side of the college’s present Hospital. 
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René J. Dubos, member of the Rockefeller Institute 
for Médical Research, will give the 1953 Warren Prize 
Lectures of the Massachusetts General Hospital on 
the subject, “Biochemical Aspects of Infection.” The 
lectures will be delivered ifi the Museum of Science, 
Boston, on Nov. 9, 11, 13, 17, and 19. 


Grants and Fellowships 


The California Research Corporation, San Francisco, 
has presented a $10,000 grant to Yale University to 
support fundamental research in chemistry. The 
grant will be used to support studies in the general 
field of polyelectrolytes and will be administered by 
Raymond M. Fuoss, Professor of Chemistry at Yale. 
James C. Nichol, Associate Professor of Chemistry at 
Willamette University in Salem, Ore., is the first 
recipient of a fellowship supported by the new grant. 

The field of polyelectrolytes originated at Yale and 
represents a new field of chemical research that has 
many implications for medicine as well as industry. 
Some polyelectrolytes are being used as substitutes 
for blood plasma in transfusions. They are also the 
basis for a new soil conditioner which makes clay 
soil tillable and which prevents the effects of wind 
and rain erosion. 


Establishment of a new $1000 chemistry prize, 
The Kendall Company Award in Colloid Chemistry, 
has been announced by the American Chemical So- 
ciety. The purpose of the award is “to recognize and 
encourage outstanding contributions to the science of 
colloid chemistry in the United States and Canada.” 
The prize will be conferred annually. A candidate 
must be a resident of the United States or Canada 
end must have made an outstanding contribution to 
the science of colloid chemistry. Special considera- 
tion will be given to independence of thought and 
originality. 

The Future Scientists 6f America Foundation of the 
National Science Teachers Association has announced 
the third annual program of Science Achievement 
Awards sponsored by the American Society for Metals. 
Awards totaling $5,000 will be made to science stu- 
dents in grades seven through twelve. The 1954 “Book 
of Rules and Information” may be obtained from the 
Foundation at 1201 16th St., N.W., Washington 6, 
D.C. 


Initial grants for 1953 totaling $1,944,151.64 were 
awarded to the nation’s 79 medical schools in July by 
the National Fund for Medical Education. Approxi- 
mately half was contributed by business corporations 
through the Fund’s Committee of American Industry, 
and half by the medical profession through the Amer- 
ican Medical Education Foundation. 

Each school received $20 per undergraduate medi- 
eal student, plus a lump sum: $15,000 for the 73 four- 
year schools and $7,500 for the six two-year basic med- 
ical sciences schools. Grants from the National Fund 
are unrestricted, but the money is used primarily to fill 
teaching vacancies, create new faculty posts, initiate 
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teaching experiments, and open new courses in areas 
of recent scientific advances. Since 1951, when the 
Fund made its first awards, a total of $4,764,152 has 
been given to the medical schools. 

The Fund’s major objective is to strengthen med- 
ical education in this country by mobilizing private 
support for the financially distressed medical schools. 
It is seeking $10,000,000 in additional annual income 
needed to meet the increased cost of training doctors. 
Unless this additional annual support is obtained, the 
medical schools face the prospect of: (1) lowering 
their standards, (2) reducing the number of gradu- 
ates, or (3) becoming subsidized by the federal gov- 
ernment. 


The New Mexico Academy of Science has awarded 
the 1952 AAAS Research Grant to R. DeWitt Ivey of 
Albuquerque for his field investigations on mammals 
in Bernalillo County. 


The recent establishment of the William Volker 
Fund extends the grants-in-aid program of the Ameri- 
can Medical Association’s Committee on Research of 
the Council on Pharmacy and Chemistry into the basic 
medical sciences. When first organized as the Thera- 
peutic Trials Committee, and up to the present, its 
fundamental objectives were to stimulate progress in 
the control and treatment of disease through facili- 
tating investigations to establish the usefulness of 
diagnostic, preventive, and therapeutic agents. 

The William Volker Fund is not specifically 
restricted to grants in spevial fields such as heart dis- 
ease, cancer, or hypertension. The Committee on Re- 
search feels that this is commendable, since the prog- 
ress of medical research requires broad investigations 
in all fields of medical endeavor, including the basic 
sciences. This approach should furnish better under- 
standing of the normal cell and organ functions than 
can be secured by research directed primarily to de- 
partures from the normal processes. 

Grants from the fund will be made to individual 
applicants and will be li: ited to the range of $500 to 
$1,000. The funds may he applied to defray expenses 
attendant to research, with the exception of salaries, 
services, and travel. Applications may be secured by 
addressing Dr. E. M. K. Geiling, Chairman, Subcom- 
mittee on Grants-in-Aid, Committee on Research, 
Council on Pharmacy and Chemistry, American Med- 
ical Association. 


In the Laboratories 


The Armour Research Foundation of the Illinois 
Institute of Technology has signed a contract with 
the Republic of Uruguay to conduct a preliminary 
technological audit of the country. Three members 
of the Armour staff left recently for Montevideo. 
The project, financed entirely by Uruguayan capital, 
is expected to cover approximately six weeks in the 
field. The Armour Research Foundation has been a 
pioneer in conducting technological audits of other 
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countries; it has completed such audits in Argentina, 
Mexico, El Salvador, and other Latin American 
nations. 


Arthur D. Little, Inc., industrial research and en- 
gineering firm of Cambridge, Mass., is opening a new 
midwest liason office in Chicago. 


The Carbide Carbon and Chemicals Company has 
won the 1953 Award for Chemical Engineering Achieve- 
ment, bestowed by Chemical Engineering, a publica- 
tion of the McGraw-Hill Publishing Company. The 
Carbide Carbon and Chemicals Company was se- 
lected to receive the honor for being the first to sue- 
ceed in the commercial production of chemicals di- 
rectly from coal by a high-pressure hydrogenation 
process. It has taken 17 years of research and 20 
million dollars to develop this process, which frees 
the chemical industry from dependence on the steel 
industry’s coke ovens for important aromatic chemi- 
eals which form the basis for many plasties, synthetic 
rubber, dyes, and insecticides. 


The Du Pont Company has announced the construe- 
tion of a new $3,000,000 mine and plant to produce 
ilmenite, the raw material for titanium metal and pig- 
ments, near Lawtey, in north central Florida. The 
schedule calls for completing the installation and get- 
ting it into operation early in 1955. The new plant, 
to be known as the Highland plant, will be built and 
operated for Du Pont by the Humphreys Gold Cor- 
poration of Denver. Humphreys will also provide 
some of the major equipment. 

This project is rather unusual in its mode of opera- 
tion. The work is done by a dredge floating on a 
“traveling lake” which mines sand to extract ilmenite. 
At Du Pont’s nearby Trail Ridge plant, and as it will 
be at the Highland plant, the traveling lake is about 
half a mile long and 500 feet. wide, dug out of sandy 
soil. A dredge and separators pick up the sand in 
front, take out the black ore, and pour the sand back 
in again behind them. Thus the lake travels forward 
in the direction of the work. 


The Institute of Cytology, under the directorship 


‘ of Herbert E. Nieburgs, former Professor of Clinical 


Cytology of the Medical College of Georgia, has 
been established at Beth-E] Hospital, Brooklyn. The 
Institute will emphasize the diagnosis of cancer in 
the early stages of development before the appearance 
of symptoms. Research studies will be conducted on 
the relationship of the endocrine glands to cancer of 
the female reproductive system. 


Meetings and Elections 


A forum on world health and the American people 
is scheduled for the opening day of the American 
Public Health Association’s 81st Annual Meeting at 
the hotels Statler and New Yorker in New York City, 
Nov. 9-13. The forum will be sponsored by the Na- 
tional Citizens Committee for the World Health 
Organization, one of 40 related groups meeting con- 
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currently with the American Public Health Associa- 
tion. More than 5,090 delegates are expected to attend. 

Questions scheduled for the forum are: Should the 
United States “go it alone” without the World Health 
Organization?; Will the promotion of world health 
inevitably create world over-population?; Can a 
United Nations ageney force certain public health 
programs on the American people? A report on the 
state of the world’s health by WHO representatives 
will be heard at a luncheon meeting on the opening 
day, a day which will be devoted largely to sessions 
of affiliated groups. 

More than 400 speakers and discussants will par- 
ticipate in the Association’s scientific sessions, work- 
shops, and panel discussions. Among topics to be 
covered in scientific sessions are the status of current 
research in prevention of specific diseases, including 
poliomyelitis, trichinosis, tuberculosis, rabies, heart 
disease, and cancer; military public health problems 
in Korea; sex education in the schools; advances in 
the teaching of preventive medicine; developments 
in medical care, including research in medical eco- 
nomics and supply and distribution of physicians; 
home safety and accident prevention for infants and 
young children; dental public health, including ad- 
vances in fluoridation of public water supplies; re- 
search on resistance to antibiotics, and studies of re- 
lationship between dietary intake and physical growth 
at various ages. 


The first symposium sponsored by the Commission 
on Geochemical Localization of the Elements of the 
International Union of Chemistry was held at Ziirich, 
Aug. 11-13, and was attended by 65 scientists from 
18 countries. Thirty-five papers were presented. On 
Aug. 14-15 there was a field trip in the Eastern 
Gotthard. 

The main theme of the meeting was the problem of 
organizing and making available geochemical data 
and of keeping scientists informed as to current re- 
search programs. Kalervo Rankama, University of 
Helsinki, outlined the need for compilations of geo- 
chemical data and problems connected therewith. The 
plans of the U. S. Geological Survey for revision of 
Clarke’s Data of Geochemistry were outlined by 
M’chael Fleischer and for revision of Washington’s 
compilation of rock analyses by Marjorie Hooker; 
both revisions are now under way. Wolfgang Mueller 
of the Gmelin Institute described the work of the 
Institute and its information service in the field of 
geochemistry, and Paul Rosbaud discussed the plans 
of Geochimica et Cosmochimica Acta for the publica- 
tion of geochemical papers. 

A summary of current researches in European 
centers was presented by T. F. W. Barth, University 
of Oslo, and similar reports on activities in individual 
laboratories were given by Earl Ingerson, U. 8S. 
Geological Survey; R. A. Chalmers, Durham Univer- 
sity, England; W. S. Pitcher, Imperial College, 
London; F. E. Wickman, Stockholm; G. Millot, Uni- 
versity of Naney; H. Haberlandt, University of 
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Vienna; and R. Fairbridge, Usiversity of Western 
Australia. 

Several papers dealt with radioactivity. E. E. 
Picciotto described a new emulsion technique for the 
determination of ioniune~and thorium and gave re- 
sults obtained on cores from the Atlantic bottom. 
Friedrich Hecht, University of Vienna, gave new 
determinations of U and Ra content of the same cores, 
collected by the Swedish Deep-Sea Expedition of 
1947-48. C. F. Davidson, Geological Survey of Great 
Britain, spoke on the “Association of Uranium with 
Mineral Hydrocarbons”; W. Noddack, Bamberg, on 
“Energy Relations in Metamict Minerals”; F. G. 
Houtermans, University of Berne, on the “Isotopie 
Abundance of Common Lead”; and Stanko Miholie, 
Zagreb University, on the “Radioactivity of Waters 
Issuing from Sediments.” 

Other papers were by 8. I. Tomkeieff, Durham 
University, on “The Periodic System and Petrochem- 
istry”; H. C. Urey, University of Chicago, “Com- 
position and Origin of Meteorites”; Hans Schwander, 
University of Basle, “Oxygen Isotope Ratios in 
Silicates”; M. Louis, Rueil-Malmaison, “Geochemis- 
try of Petroleum”; E. Schroll, Vienna, “Minor Ele- 
ments in Alpine Ores”; and several papers dealing 
with minor elements in natural waters and the oceans. 

New officers of the Commission were elected: pres., 
Michael Fleischer, Washington; v. pres., T. F. W. 
Barth, Oslo; sec., Kalervo Rankama, Helsinki. H. C. 
Urey, Chicago, was elected a member of the Com- 
mission, and Conrad Burri, Ziirich, observer. 


David E. Lilienthal, former Cairman of the U.S. 
Atomic Energy Commission, will be the principal 
speaker at a dinner to be held by the American 
Chemical Society’s Philadelphia Section on Nov. 30 
on the occasion of the opening of the 24th Exposition 
of Chemical Industries. The exposition is held every 
two years to acquaint the chemical process industries 
with the latest developthents in new chemicals, equip- 
ment, instruments, and materials of construction. 

The exposition has been staged in Grand Central 
Palace, N.Y., for many years, but has been moved 
to Philadelphia’s Commercial Museum and Conven- 
tion Hall this year because the Palace has been leased 
to the Bureau of Internal Revenue. During the 
Philadelphia exposition, Nov. 30 through Dee. 5, 
more than 500 exhibitors will oceupy four acres for 
displays and demonstrations of new products and 
equipment. 


The annual meeting of the Society of Rheology will 
be held in the Hotel New Yorker on Oct. 29-31. 
Twenty-five papers will cover such topics as: the 
extrusion of Teflon, fatigue of glass, cut-growth in 
rubber, relaxation of butadiene-styrene, GR-S plasti- 
cizers, plastometry of polyethylene, interpretation of 
dynamic modulus, shear rate of polymer degradation, 
flow change during metal deformation, influence of 
thermal stresses on flow, molecular theory of polymer 
flow, plastic properties and crystalline lattice imper- 
fections, growth of fractures in metal, fatigue in 
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polymers, a rheological equation of state and treat- 
ment of non-Newtonian data. 


The Society for the Study of Social Problems has 
elected the following officers for 1953-54: pres., Al- 
fred McClung Lee, Brooklyn College; pres.-elect, 
Herbert Blumer, University of California at Berke- 
ley; v. pres., Jessie Bernard? Pennsylvania State Col- 
lege; sec., Bryon Lester Fox, Syracuse University; 
treas., Richard A. Schermerhorn. 


Miscellaneous 
In September Knut and Bodil Schmidt-Nielsen, 


husband-and-wife research scientists of Duke Uni- 
versity, sailed for Africa where they will spend a 
year in the Sahara region studying the camel. Ac- 
companying them as co-workers are T. Richard Houpt 
of the University of Pennsylvania and 8. A. Jarnum 
of the University of Copenhagen. The exhibition is 
supported by funds from the John Simon Guggen- 
heim Memorial Foundation, UNESCO, and the U.S. 
Government. 

From Algiers on the Mediterranean coast, the 
group will drive 500 miles inland to the village of 
Beni Abbes, which will be headquarters for the re- 
search program. Transportation will be provided by 
a heavy-duty truck painted aluminum to withstand 
the desert sun. It will carry a great variety of equip- 
ment ranging from an electric generator to hypo- 
dermic needles, and from seales for weighing a camel 
to chemicals in plastic bottles. Preparations for the 
trip have been underway since 1948, and a thorough 
system of card-indexing is required to keep every 
detail in order. 

In the Sahara the temperature rises as high as 
140° F., and years may pass without rainfall. There 
is almost no scientific knowledge of how the camel 
ean live in a region that would mean death to most 
other animals. Desert animals must be able to with- 
stand both heat and water shortage. Small creatures 
ean keep cool by burrowing underground, but the 
camel cannot do this, and probably has to use water 
for heat regulation as well as for its other body needs. 
By studying the camel in its native surroundings, the 
researchers hope to answer such questions as the 
following : 

How great a water loss from its blood and tissues 
ean the camel stand? Other animals can tolerate a 
20% loss at most. 

Does the camel have any unknown way of storing 
water? It has been claimed that certain compartments 
in the wall of its stomach serve as water storage 
tanks, but their use has never been scientiiically 
determined. 

How much does sweating help a camel keep cool? 
Some observers write that camels perspire only over 
a small area on the back of the neck. 

Dr. Schmidt-Nielsen believes that his project will 
be valuable “because the camel is of great economic 
importance in technologically underdeveloped arid 
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zones of the Old World. Also, more knowledge of 
desert animals may lead to a better understanding of 
human beings’ physical reactions to hot climates.” 


New journals received: Archivos Médicos de 
Cuba. Organo Oficial de la Institucién Nacional de 
Examen y Diagnéstico. Vol. 4, No. 3, May 1953. Edi- 
tor, C. Bilbao. Published by the Institution, Havana, 
Cuba. $10.00 per year; $2.00 per issue. Bi-monthly. 
(In Spanish.) . . . The Asa Gray Bulletin. New 
Series, Vol. 1, No. 4, Oct. 1952. Editors, Harley H. 
Bartlett and Rogers MeVaugh. The Gray Memorial 
Botanical Association, Ann Arbor, Mich. $3.25 for 
Vol. 1 ($1.00 for Vol. 1, No. 1, separately, other num- 
bers 75¢ each) ; $3.00 for Vol. 2. Quarterly. . . . Aus- 
tralian Journal of Biological Sciences. Vol. 6, No. 2, 
May 1953. Formerly published as Australian Journal 
of Scientific Research, Series B: Biological Sciences. 
Editor, N. 8. Noble. C.S.1.R.0., Melbourne, Australia. 
30s per year. Quarterly. . . . Australian Journal of 
Botany. Vol. 1, No. 2, June 1953. Editor, N. 8. Noble. 
Commonwealth Scientific and Industrial Research Or- 
ganization, Melbourne, Australia. Issued as material 
becomes available. 7s 6d per issue... . Journal of 
Embryology and Experimental Morphology. Vol. 1, 
Pt. 1, Mareh 1953. Editor, Michael Abercrombie. Ox- 
ford Univ. Press, Amen House, London, E.C.4. (For 
the Company of Biologists, Ltd.) £4 4s per year; 25s 
per issue. Quarterly (English, French, and German). 
. . « Journal of the Indian Society of Soil Science. 
Vol. 1, No. 1, June 1953. Indian Society of Soil Sei- 
ence, Indian Agricultural Research Institute, New 
Delhi-12, India. Rs. 8/ per year, foreign. Semian- 
nual... . Nagoya Medical Journal. Vol. 1, No. 1, 
Jan. 1953. Nagoya City University Medical School, 
Mizuho-Ward, Nagoya, Japan. Quarterly. (In Eng- 
lish.) . . . Norelco Reporter. Vol. 1, No. 1, Sept. 
1953. Editor, George A. Garnes. North American 
Philips Co., Mount Vernon, N. Y. Bi-monthly. . . . Ree- 
ords of Oceanographic W orks in Japan. Vol. 1, No. 
1, New Series, March 1953. Continuation of the Ree- 
ords of Oceanographic Works in Japan, Vol. 12, No. 
2. Editor, Masayoshi Ishibashi. Compiled by Special 
Committee on Marine Resources in the UNESCO Com- 
mittee of Science Council of Japan. Japanese National 
Commission for UNESCO, Tokyo, Japan. (In Eng- 
lish.) . . . Research Film. Bulletin of the Research 
Film Committee, International Scientifie Film Asso- 
ciation. No. 2, April 1953. Editors, G. Wolf and J. 
Drageseco. Published by the Association, Gottingen, 
Germany. . . . Revista de Biologia Tropical. Vol. 1, 
No. 1, July 1953. University of Costa Riea, San José, 
Costa Rica. $2.00 per year; $1.25 per issue. Semian- 
nually. (In Spanish.) ... The Science Reports of the 
Saitama University. Series A (Mathematics, Physies 
and Chemistry). Vol. 1, No. 2, 1953. Saitama Univer- 
sity, Urawa, Japan. (In English.) ... Vox Sanguinis. 
Vol. 3, No. 1-2, March 1953. Central Laboratory of the 
Netherlands Red Cross Blood Transfusion Service, 
Binnengasthuis, Amsterdam-C, Netherlands. Fl. 5.50 
per year. Bi-monthly. (In English.) 
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Technical Papers 


Response of Irradiated Cancer Patients 
to Vibrio metschnikovii* 


E. Staten Wynne, David B. Hinds, Cora L. Gott, 
W. O. Russell, and G. H. Fletcher 

Department of Pathology (Division of Experimental 
Pathology) and Department of Radiology, 

The Uninversity of Texas M.D. Anderson Hospital 

for Cancer Research, Houston 


Total body x-irradiation has been reported recently 
to inhibit antibody production in animals (1-3). How- 
ever, since dosages used have frequently been in the 
neighborhood of the LD,,., results cannot be extra- 
polated to human beings undergoing therapeutic irra- 
diation. It was reported by Evans (4) that lympho- 
penia-inducing irradiation of patients with neoplastic 
diseases caused a marked decrease in production of H 
agglutinins toward Salmonella paratyphi. However, 
the formation of H agglutinins would appear to be 
an extremely sensitive indicator, as evidenced by titers 
as high as 1: 65,536 following a single injection of 
S. paratyphi vaccine. It would therefore seem of in- 
terest to determine whether Evans’ findings can be 
reproduced with a less sensitive system. The present 
investigation concerns responses to Vibrio metschni- 
kovit by irradiated individuals with malignant neo- 
plastic conditions. The fowl pathogen V. metschni- 
kovti was chosen with the hope that native antibodies 
would not be present. 

The vaccine employed was prepared from 4 day 
cultures of V. metschnikovii ATCC 7708 grown on the 
agar medium described elsewhere (5). Harvested cells 
were washed in saline, diluted to approximately 1 bil- 
lion/ml, and killed by heating at 60° C for 1 hr. 
Phenol was added in a final concentration of 0.5%, 
and appropriate sterility and intracutaneous sensi- 
tivity tests were made. A series of 3 subcutaneous 
injections was given at weekly intervals, the first con- 
sisting of 0.5 ml and the remaining two of 1.0 ml 
each. Blood samples were drawn at the times of the 
first and last injections and at weekly intervals there- 
after. Responses were measured by the growth agglu- 
tination technique reported earlier (5). Twofold dilu- 
tions of serum from 1: 2.5 through 1: 640 were made 
in the broth medium previously deseribed (5) and in- 
oculated with an 18-24 hr culture of V. metschnikovii. 
Readings were made after incubation for 18 hr at 
37° C, the titer being the highest dilution of serum 
showing macroscopically visible agglutinated growth. 
Representative saline agglutination tests performed at 
37° C with living cells gave comparable titers (5). 

A total of 53 individuals was used in the study. 
Eleven were apparently healthy? and the remainder 

1 This investigation was supported in part by an institu- 
tional grant from the American Cancer Society. 

2The authors gratefully acknowledge the technical assist- 


ance of Laura Lucilla Jenkins in securing some of the data 
on normal individuals. 
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had a variety of malignant neoplastic diseases : chronic 
myeloid leukemia; Hodgkin’s disease; lymphosar- 
coma; carcinoma of the breast; squamous cell carci- 
noma of skin, oral cavity, upper respiratory tract 
cervix (Grades I-IV); and metastatic carcinoma. 
D.=,noses were established by conventional patho- 
logical methods. Of the 42 individuals with malignant 
neoplasms, 29 were receiving x-ray or radium therapy. 
Techniques varied from small volume irradiations for 
localized carcinomas to large abdominal portals over 
the spleen or retroperitoneal nodes, or total body irra- 
diation. Integral doses ranged from 0.26 to 10.6 
megagram roentgens, and therapy was usually ad- 
ministered over a period of about 2 weeks. 


TABLE 1 


DISTRIBUTION OF RESPONSES TO Vibrio metschnikovii 
VACCINE OF 29 IRRADIATED AND 13 NONIRRADIATED 
CANCER PATIENTS AND 11 NorMAL CONTROLS 


Individuals without Native Titer 


Irradiated Nonirradiated Control 
5 1 0 0 
10 0 1 1 
20 1 3 1 
40 2 1 0 
80 3 2 0 
160 + 1 0 
320 0 0 0 
640 2 0 1 
Individuals with Native Titer 
Fold 
increase Irradiated Nonirradiated Control 
in titer 

2 2 0 0 
4 5 2 1 
8 2 1 0 
16 0 1 1 
32 4 0 0 
64 1 1 2 
128 2 0 2 
256 0 0 2 


Although to the authors’ knowledge V. metschni- 
kovit has not been isolated from man, over half of 
the individuals studied showed native antibodies. For 
these, fold increases of the maximum titers over orig- 
inal titers ave shown in Table 1, along with maximum 
titers for individuals with no demonstrable native 
titers. Statistical analysis of both categories by means 
of the F test showed a high probability of homoge- 
neity among the irradiated and nonirradiated groups 
and the few normal controls. Furthermore, no impor- 
tance could be attributed to such factors as the in- 
tegral dose (total amount of energy absorbed), time 
of irradiation relative to time of injections, site of 
irradiation, and type of malignant neoplastic process. 
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However, in some individuals with metastases re- 
sponses were somewhat less, irrespective of whether 
or not irradiation had been administered. This finding 
is in general agreement with earlier studies on the 
universal serologic reaction (6). 

The data just presented failed to confirm the find- 
ings of Evans (4), who reported a marked depression 
of production of H agglutinins following heavy irra- 
diation of individuals receiving a single injection of 
S. paratyphi. However, Evans’ titers were in the order 
of 10? times as high as our own, indicating a far more 
sensitive test system. Negative results in the present 
investigation may have been due to a masking of irra- 
diation injury by a protracted course of immunization 
(7). Furthermore, it would appear that antibody pro- 
duction may not necessarily parallel resistance to in- 
fection (8). At any rate, the observed lack of effect on 
agglutinin formation would not appear to warrant a 
conclusion that immune defenses were in no way 
affected by irradiation. 
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Changes Induced by Indoleacetic Acid in 
Nucleic Acid Contents and Growth 
of Tobacco Pith Tissue* 


Julius Silberger, Jr., and Folke Skoog 


Department of Botany, 
University of Wisconsin, Madison 


Studies in this laboratory on interactions of indole- 
acetic acid (IAA) with purines and pentoses in organ 
differentiation (1) suggested an effect of auxins on 
nucleic acid metabolism. To investigate this possibility, 
the effects of IAA on the nucleic acid contents of to- 
bacco pith tissue were examined. 

Stems were taken from 3- to 4-ft plants of Nicotiana 
tabacum, Wise. 38, grown in a greenhouse. After 
leaves were cut off, the stems were cleaned thoroughly 
with a cotton wad wetted with 95% ethanol. The bark 
was then stripped from the stems, leaving a core of 
pith enclosed within a jacket of vascular tissue. Bor- 
ings were made longitudinally through 3-em segments 
of this pith core with a 7-mm diameter cork borer, and 

1This work was supported in part by the University Re- 
search Committee with funds from the Wisconsin Alumni 
Research Foundation and in part by a grant-in-aid from the 


American Cancer Society upon recommendation of the Com- 
mittee on Growth of The National Research Council. 
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the cylinders of pith so obtained were cut into disks 3 
mm thick, After the disks from several stems had been 
mixed together, they were planted on 50 ml of steri- 
lized medium in 125-ml flasks, 5 to a flask. Sterile tis- 
sue cultures were obtained in this way without direct 
exposure of internal tissue to antisepties. 


ri EFFECTS OF IAA ON TOBACCO PITH 


AFTER 2 DAYS — 


> 


PER CENT ABOVE CONTROL 
= 
7 


Oo 


~ 


e—e FRESH WEIGHT 
PENTOSE NUCLEIC ACID 
@-« DESOXY PENTOSE NUCLEIC 


00 12 u 10 
CONC IAA CMG/L) 


Fic. 1. Changes as per cent of controls in fresh weight, 
DNA content, and PNA content in excised tobacco pith tissue 
disks cultured on a sucrose agar medium with serial con- 
centrations of IAA for 2, 4, and 7 days. 


The increase in fresh weight of this pith tissue, eul- 
tured on an JAA-sucrose-mineral-agar medium, is a 
function of the supplied IAA over a wide concentra- 
tion range (2). However, as the growth during the 
first 10 days is not enhanced by the presence of the 
mineral nutrients (3), a simplified medium, contain- 
ing only Bacto agar, 1%; sucrose, 2%; and IAA was 
used for these experiments. 

At regular intervals, duplicate samples of at least 
5 disks each were taken and dispersed in cold 70% 
ethanol in a Potter-Elvehjem homogenizer. The ho- 
mogenate was extracted by the method of Ogur and 
Rosen (4), which is a differential perchloric acid ex- 
traction procedure for separation of plant pentose 
nucleic acid (PNA) and deoxyribose nucleic acid 
(DNA). Quantities of nucleic acid were estimated by 
measuring optical densities of extracts at 258 mp in a 
Beckman spectrophotometer, and they are reported as 
optical densities of PNA or DNA extracted from one 
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disk, dissolved in 2 ml of solvent, and measured in a 
l-em quartz cuvette. 

After a number of experiments had shown definite 
changes in NA contents in response to supplied IAA, 
effects of IAA over a wide concentration range were 
explored in two experiments. Figure 1 shows increases 
over controls of PNA, DNA, and fresh weight with 
IAA concentration and time. Figure 2 permits com- 


COURSE OF CHANGES IN 
PNA /DISC | DNA/DISC | FRESH WEIGH 
IN 2ML.NHCIQ, =| IN 2ML.OSN HCIQ, | PER DISC. 
200 / 200 
< 
I 
5 
100 
d | 
OMG/L IAA 
IAA 
IOMG/L IAA 


TIME IN DAYS 


Fic. 2. Fresh weights, DNA content and PNA content of 
tobacco pith tissue disks cultured on sucrose agar media 
with 0, 0.014, and 10.0 mg/l] IAA. 


parison of absolute changes in PNA, DNA, and fresh 
weight in control disks and disks treated with 0.014 
and 10.0 mg/l of IAA. The results are: (a) both 
PNA and DNA contents in the IAA treated pith 
tissue rise above control values before an increase in 
fresh weight is apparent; (b) nearly maximal effects 
of IAA on PNA and DNA are reached within 4 days; 
(c) whereas DNA increases most at ca. 0.014 ng/] of 
IAA, the optimal concentration for PNA increase is 
at least a hundredfold higher; (d) with duration of 
the experiment, fresh weight increase becomes propor- 
tional to PNA inerease over a wide range of IAA con- 
centrations. The average ratio of PNA to fresh weight 
at 7 days is 1.08 with an average deviation of 0.08; 
and (¢) material fixed and sectioned shows a correla- 
tion of cell division with DNA inerease at low con- 
centrations of IAA. At concentrations of IAA optimal 
for cell enlargement and PNA content, no cell divi- 
sions are found in spite of increases in nuclear ma- 
terial (5). 

It should be noted that these changes result from 
utilization of products in tissues .not supplied with 
nitrogen, phosphate, or organic growth factors. In the 
presence of such factors that permit rapid prolifera- 
tion and continuing growth of the tissue, higher 
nucleic acid contents are found. 
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Inasmuch as striking zonation of cell division and 
elongation exists in the plant axis, these differential 
effects of IAA concentration on the nucleic acids are 
of special interest because of their morphogenetic im- 
plications. 
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The Polarographic Investigation of Some 
Commercially Available Chlorophyllins 


Walter L. Wuggatzer and John E. Christian 


School of Pharmacy, Purdue University, 
Lafayette, Indiana 


Although the New and Nonofficial Remedies 
(N.N.R.) and Association of Official Agricultural 
Chemists’ (A.O.A.C.) methods are being used exten- 
sively at present for the assay of the chlorophyllins 
and chlorophylls, they are not as reliable as would 
be desired. In an attempt to find a more reliable 
method for assaying these compounds, the use of the 
polarographic method was investigated. 

This method has previously been applied to the 
study of some extracted chlorophylls by Van Ryssel- 


berghe et al. (1). They reported that the chlorophylls - 


give a reduction wave, E, ,. vs. saturated calomel elec- 
trode (S8.C.E.) =— 1.88 v, and believe it to be a hydro- 
genation reaction of the double bond between carbons 
2 and 3 of the phytol side-chain in the chlorophyll 
molecule. Kolthoff and Lingane, however, state that 
the actual electrode process involved is not known 
(2). Van Rysselberghe’s group also reported that no 
reduction wave was obtained, except for a negligible 
residue of the phytol wave, for the lithium and tetra- 
methylammonium chlorophyllins they had prepared. 
No polarographic waves have been reported for the 
commercial chlorophyllins. 

The instrument used in the present investigation 
was the Sargent Model XXI Visible Recording Polaro- 
graph. All potentials were measured directly against 
the saturated calomel electrode. The dropping mer- 
cury capillary had the following characteristics: at a 
pressure of 26 em of mercury, the drop time (t) on 
open cireuit in 0.1 M KCl at 20° C was 2.86 see, the 
weight of mereury dropping/see (m) was 3.511 mg, 
and m?/%t1/6 was 2.752. 

The electrolysis cell of Lingane and Laitinen was 
used (3). Dissolved oxygen was removed from all so- 
lutions by passing oxygen-free nitrogen through the 
sample for 15 min. A constant temperature water bath 
was used to maintain the temperature at 20° +1° C. 
All samples were examined over a potential range of 
0.0 to -2.0 v. 

Of the 14 commercial chlorophyllins used in this in- 
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vestigation, 10 were copper chlorophyllins, 3 were iron 
chlorophyllins, and 1 was not specified. These were 
produced by 7 different manufacturers. Varying 
amounts of each were dissolved and examined in 0.1 M 
KCl solution and in a solution 1.5 M in ammonia- 
ammonium chloride. 

The following results were obtained: (1) Reduction 
in 0.1 M KCl: a reduction wave, characteristic for 
all the chlorophyllins examined, was obtained at an 
E,,. ranging from — 1.22 to 1.38 v and the average 
E,/2 was — 1.26 v. Three chlorophyllins gave two ad- 
ditional waves and two gave one additional wave. The 
E,/2 of these waves varied greatly. 

(2) Reduction in 1.5 M ammonia—ammonium chlo- 
ride: 11 of the chlorophyllins gave a characteristic 
wave with the E,,. ranging from —0.89 to —1.03 v, 
and the average was —0.98 v. A 12th gave a long 
drawn-out wave which was not measurable. 

(a) Nine of the ten copper chlorophyllins gave two 
additional waves at an E,,, of — 0.26 and — 0.53 v, re- 
spectively. Five of these gave another wave, though 
poorly defined, at an E,,, ranging from -1.25 to 
- 1.43 v. 

(b) The 3 iron echlorophyllins showed a charae- 
teristic wave at an E,,. of —1.52 v. 

The characteristic waves mentioned in 1 and 2 above 
are proportional to the concentration of chlorophyllin 
in each case. 

The waves of the copper chlorophyllins at E,,/. of 
-— 0.26 and —0.53 are believed to be caused by un- 
reacted copper ions used in the manufacture of the 
chlorophyllins and not eompletely removed. In a like 
manner, the wave at — 1.52 for the iron chlorophyllins 
is assumed to be caused by iron not completely re- 
moved after the manufacture of the iron chloro- 
phyllins. 

It is also our belief that the additional waves ap- 
pearing in a few instances are due to other impurities 
that are not removed in the manufacturing procedure. 

The reduction wave at E,,. of —1.26 obtained in 
KCl solution is proportional to the concentration of 
chlorophyllin in solution in each ease, indicating that 


a component of the commercially available chloro-— 


phyllin reacts at the dropping mercury electrode. How- 
ever, no correlation exists between the height of the 
diffusion current and the percentage of chlorophyllin 
stated on the label of the individual chlorophyllin. For 
example, calculation of the concentrations from the 
resultant diffusion currents obtained for 80 mg of each 
of the 14 chlorophyllins does not agree with the con- 
centration as determined by the New and Nonofficial 
Remedies or Association of Official Agricultural Chem- 
ists’ methods. The most logical conclusion drawn from 
this difference is that the polarographic method meas- 
ures a different component than the other currently 
available methods. We are tentatively ascribing this 
reduction wave to the chlorophyllin b fraction pres- 
ent in the commercial chlorophyllins since it contains 
an aldehyde grouping that is presumably reducible at 
the dropping mercury electrode. However, it is pos- 
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sible that this wave may be due to some other fraction 
or fractions present since the chlorophyllins are mix- 
tures of several substances as pointed out by Eddy (4) 
and by Voigtlander and Henning (5). 

Further experiments may ascertain which of these 
fractions is responsible for this reduction wave. 
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Photoperiodic Response of Some 
Indian Wheats* 


Gadadhar Misra 


Department of Botany, 
Ravenshaw College, Cuttack, India 


The materials of the present investigation are two 
newly evolved strains of Indian wheat. Ranjan (1) 
exposed the seeds and seedlings of the wheat New 
Pusa 52 to x-ray treatment and evolved 11 mutants. 
He subjected them to genetical studies for 8 yr and 
established the superiority of some of them over the 
local popular varieties. Pugh (2) grew them in large- 
seale field experiments under varying irrigation con- 
ditions and showed that of the 11 strains, two, R-1 
(sarojini) and R-9 (Vijaya), are undoubtedly. the 
best. Bhattacharya (3) and Ramchander and Bhat- 
tacharya (4) studied some of the biochemical and 
physiological aspects and showed that these two 
strains are higher in some of the protein and mineral 
contents than the parent wheat N.P. 52. The present 
investigation is designed to determine whether the 
photoperiodic response of these two mutants follows 
the general trend of the other Indian wheats and to 
note their stage of optimum response to photoperiods. 
In this study, no other Indian variety of wheat is in- 
cluded because their photoperiodic responses have al- 
ready been noted by other workers (5-7). As long- 
day treatment, a 24-hr continuous illumination and 
as short-day treatment, an 8-hr photoperiod were 
used, The method of obtaining these different photo- 
periods is the same as in previous work (8).? 

1 Grateful thanks are due to Shri Ranjan for his guidance, 
helpful criticism, and for the facilities provided in the Bo- 
tanical Laboratory of Allahabad University for carrying out 
this piece of investigation. 

2 The 24-hr photoperiod was obtained by supplementing the 
natural daylight with artificial illumination from a 1000-w 
gas-filled Osram bulb hung at a height of 5 ft from sunset to 
sunrise, giving an intensity of approximately 30-40 ft-c at 
the soil surface of the pot. The 8-hr photoperiod was obtained 
by keeping the pots in daylight from 8 a.m. to 4 P.M. and then 


by removing them to a well-ventilated dark room for the 
remainder of the 24-hr cycle. 
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TABLE 1 
TIME FROM SOWING TO EAR EMERGENCE OF THE MAIN 
SHoor In R-9 


Average 
Treatments days from nae 
sowing to ear in dave? 
emergence y 
Long-day to 8- -old 
8 days .............. 62.83 + 7.42 
16 days 59.70 + 20.55 
50.58 + 19.67 
32 days .......... 47.12 + 23.13 
Long-day to 16- “day-< -old 1 seedings 
62.00 + 8,25 
55.12 + 15.13 
Long- day to 24- “day-0 -old saciid 
SS 63.12 + 7.13 
61.16 + 9.09 
Long-day to 32- -day- -old seedlings 
8 days 64.58 + 5.67 
Short-day to 8- -day-0 -old seedlings 
83.37 — 13.12 
Long-day to 8- -day- -old seedlings 
24 days followed by 24 short 
51.58 + 18.67 
Short-day to 8- -day- -old seedlings 
24 days followed by 24 long 
4 cycles of 8 long “days ‘alter- 
nated with 8 short days begin- 
ning with 8-day-old seedlings 61.33 + 8.92 
8 eycles of 4 long days alter- 
nated with 4 short days begin- 
ning with 8-day-old seedlings 59.37 + 15.88 
16 eyeles of 2 long days alter- 
nated with 2 short days begin- 
ning with 8-day-old seedlings.. 60.62 + 9.63 
32 cycles of 1 long day alter- 
nated with 1 short day begin- 
ning with 8-day-old seedlings 58.33 + 11.92 


Control which received natural 
day length available in the 
open field throughout 70.25 


8.E. of treatment mean = 0.46; C.D. at 5% of treatment 
mean = 1.27. 

8.E. of individual mean = 0.64; C.D. at 5% for compar- 
ing two individual means = 1.80. 


* Sowing date November 22, 1949. + indicates earliness. 
indicates delaying effect. 

The time from sowing to heading is presented in 
Table 1. From the data presented it is seen that long- 
day treatment shortens the vegetative period. This 
is so for all ages of seedlings considered and for both 
varieties R-1 and R-9. Even an exposure to long-day 
conditions for a short period of 8 days was sufficient 
to induce only an earliness of 5-8 days in both the 
varieties. As the duration of the treatment increases 
from 8 to 32 days there is a gradual decrease in the 
vegetative period. The maximum earliness of 23-25 
days in the time to ear emergence is observed when 
the long days are given to 8-day-old seedlings for 32 
days. With regard to the age of the seedlings at which 
the long-day treatment is more effective, it is found 
that when only 8 long days are given, the age of the 
seedling has practically no effect because the same 
degree of earliness is obtained whether the seedlings 
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are 8, 16, 24, or 32 days old at the beginning of the 
treatment. If the seedlings of various ages are treated 
for prolonged long days, more earliness is seen in 
those which were young when the treatment began. 
In other words, the older the seedlings when treated, 
the less effective are long-day photoperiods of uni- 
form length in inducing earliness. Hence, for obtain- 
ing maximum earliness in these two varieties the age 
of the seedlings should be between 8 and 16 days. 

The control plants had to pass this developmental 
phase (photophase) under available natural short- 
day conditions of approximately 10-11 hr of the 
tropics; hence the delay in ear emergence in these 
plants in con:parison with the plants which received 
long days during that stage. When this available nor- 
mal light period was further curtailed to 8 hr it was 
found that the time of ear emergence was considerably 
delayed from that of the control plants. Thus it is 
seen that 24 or 32 short days have delayed the ear 
emergence by 13-17 days. When 24 long days have 
been given to 8-day-old seedlings the earliness 
achieved is about 19-23 days. When the same number 
of long days is followed by 24 short days, it is inter- 
esting to note that the same amount of earliness is 
obtained. When 24 short days are given to 8-day-old 
seedlings a delay of about 13 days is noticed. When 
these 24 short days are followed by 24 long days, 
there is earliness of 9-12 days. Further, in a 32-day 
cycle when various cycles of long days and short days 
were given, it was noted that the plants flowered 
essentially at the same time. These results can be ex- 
plained by the assumption that the changes which 
occur in the plants as a consequence of exposure to 
favorable photoperiods for a certain duration (a 
length of time insufficient to produce flowering) re- 
sult in some irreversible changes which persist through 
subsequent durations of exposure to unfavorable 
photoperiods; so that when the favorable photope- 
riods are reestablished the process seems to take up 
where it left off. s 

The investigations (7) carried out at New Delhi and 
Simla have shown that in the varieties of English 
wheat—Holdfast, Little Joss, Yeoman, Juliana and 
Yorkwin—chilling followed by long days greatly in- 
creases the earliness. The interesting point is that in 
the absence of chilling, long days have no effect. The 
picture is different for Indian varieties of wheat. In 
the two strains of mutant wheats R-1 and R-9 as well 
as in other varieties of Indian wheats, N.P. 52, N.P. 4, 
N.P. 165, N.P. 114, long days alone bring about a sig- 
nificantly earlier ear emergence. 
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Enzymatic Removal of Oxygen for 
Polarography and Related Methods* 


Ruth E. Benesch and Reinhold Benesch 


Department of Biochemistry, 
State University of lowa, lowa City 


Oxygen must be removed-for most polarographic 
work, since it is itself reduced at the dropping mer- 
eury electrode (Fig. 1). This is usually done by the 
passage of an inert gas or by the addition of a re- 
ducing agent such as sulfite (1). We found that a 
combination of the enzymes glucose oxidase and 
catalase makes it possible to remove oxygen from 
solutions rapidly, quantitatively, and specifically by 
the following reactions: 

glucose oxidase 
glucose + O, + H.O ——-—————  gluconie acid + H,O, 
catalase 
H,0 +0 
Net reaction: glucose +O ———> gluconie acid 


The enzymes? are eluted from the inert base on 
which they are adsorbed by shaking one part with 8 
parts of 0.2 M phosphate buffer pH 7.0 or 0.2 M 
acetate buffer pH 6.0 for 10 min. The supernatant 
solution is used directly for oxygen removal in the 
ratio of 1 part/100 parts of test solution: Some prep- 
arations, which were found to be relatively deficient 
in catalase, were reinforced with this enzyme (erys- 
talline beef liver catalase, Worthington) until the 
rates of disappearance of oxygen and hydrogen per- 
oxide were equal. The final concentration of enzymes 
in the test solution was equivalent to 0.0017% nitro- 
gen, about half of which is dialyzable, and the final 
concentration of the substrate, i.e., glucose, was 0.3%. 
The useful range of the enzymes extends from pH 
5.0 to 8.5. They must be used in buffered solution, 
acetate or phosphate buffers in 0.05 M concentration 
being satisfactory for this purpose. KCl is prefer- 
able to KNO, as supporting electrolyte (2). Under 


potential constant 

volts 

yme 

without / enzyme s added 
5 

with enzyme - 

02040608 10 12 14 

-E (volts) Time (mins. 


Fic. 1. Enzymatic removal of oxygen from buffered glucose 
solution. 


1This work was supported by grants from the Research 
Corporation and the Damon Runyon Cancer Fund. 

2Obtained from Takamine Laboratories, Clifton, N. J., 
under the trade name of Dee-Gee. 
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TABLE 1 
Without 
enzymes 
With enzymes O, removed 
with N, 
e 
2 = = 
+ 
— ce 
Cu* 3.0 1.92 6.40 
6.0 3.84 6.40 -- 
10.0 6.48 6.48 6.45 6.45 
Zn* 3.0 1.95 6.50 — — 
6.0 3.87 6.45 3.96 6.60 
10.0 6.48 6.48 
Cdt 3.0 2.49 8.30 2.50 8.35 
6.0 5.04 8.40 
10.0 8.34 8.34 — 
C,H,H,OHt 0.5 0.16 3.20 
1.0 0.32 3.20 0.34 3.40 
1.5 0.48 3.20 0.50 3.34 
2.0 0.65 3.23 0.68 3.40 
2.5 0.80 3.21 0.86 3.44 
4.0 1.29 3.23 _ — 


* Solution: acetate buffer pH 5.9, 0.05 M; KCl, 0.10 M; 
gluconic acid, 0.02 M; glucose, 0.3%. 

+ Solution: acetate buffer pH 5.9, 0.05 M; KCl, 0.10 M; 
glucose, 0.3%. 


t Solution : phosphate buffer pH 7.0, 0.5 M; glucose, 0.3%. 


these conditions oxygen was removed completely from 
solutions contained in open beakers within 5 min and 
the solutions remained oxygen free during the record- 
ing of the polarogram (Fig. 1), as the rate of oxygen 
removal is greater than the rate of diffusion of oxygen 
into the solution. Some of the special features of this 
method are considered below: 

(1) The substrate, the product, and the enzymes 
are polarographically irreducible under the conditions 
used. 

(2) Since the catalyst is an enzyme, the reaction is 
specific for glucose and oxygen and no interference 
with the polarographic determination of other sub- 
stances will occur, as might be the case with such non- 
specific reducing agents as sulfite. The results with 4 
different metals are shown in Table 1. A comparison 
of columns 3 and 5 shows that in the case of Cu, 
Zn*+, and Cd**+ there is good agreement between the 
results obtained with and without the enzymes. Cu* 
and Zn*++, which form complexes with the product of 
the reaction, were polarographed in excess gluconic 
acid. Phenylmereuric hydroxide appears to be bound 
by the enzymes and indeed slowly inactivates them. 
For this reason only one-third of the usual enzyme 
concentration was employed and a stream of nitrogen 
was passed over the solution during the experiment. 
This resulted in oxygen removal within 10 min and a 
constant, if somewhat lower, i,/c. In all cases the half- 
wave potentials were found to be unaffected by the 
presence of the enzymes. 

(3) The enzyme is an efficient maximum suppressor, 
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for example, it suppressed the maximum on the cop- 
per wave completely. 

(4) The enzymatic method is especially useful under 
conditions where conventional oxygen removal is either 
inconvenient or impossible. 

(a) For polarographic determinations in very small 
volumes that cannot be conveniently handled in closed 
systems. 

(b) For many amperometric titrations: closed sys- 
tems or degassing after each addition of titrant can 
thus be obviated.* We have, for example, obtained 
stoichiometric results when solutions of glutathione 
(containing the usual amounts of enzyme and sub- 
strate) were titrated with phenylmercurie hydroxide 
at a potential of — 0.45 volt versus the 8.C.E. (3). The 
titration was carried out in an open vessel and the 
oxygen introduced with each 0.2-ml addition of the 
titrant disappeared within about 1 min. 

(ce) For the removal of oxygen from protein solu- 
tions. This cannot be done satisfactorily by the usual 

%It should be noted, however, that the enzymes cannot be 


used in the presence of nonaqueous solvents, which are fre- 
quently employed in amperometric titrations. 


methods, since such procedures as degassing or shak- 
ing in an inert atmosphere lead to foaming and de- 
naturation and fail to remove oxygen completely 
(4, 5). The enzymatic method is therefore particularly 
suitable for this purpose and is proving very useful 
in current studies on the interaction between organic 
mereury compounds and proteins. In these experi- 
ments it is obviously desirable to keep the enzyme 
concentration to a minimum, so that it does not con- 
stitute more than a negligible fraction (less than 
0.5%) of the total protein concentration. Such low 
enzyme concentrations do, of course, necessitate closed 
systems and the time for complete oxygen removal is 
somewhat longer. 
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Comments and Communications 


Sporabola 


My scientific urge, or perhaps only my idle curiosity, 
having been stimulated by the letter of Dr. P. H. 
Yancey (Science, 118, 58 [1953]), I dipped into the 
right-hand top drawer of my desk where I keep the 
Oxford Pocket Dictionary because of its admirably 
convenient size, in spite of being myself a Cambridge 
graduate! I find there that “spore” is defined as “One 
of the germs by which flowerless plants are reproduced 
(Gk. speird, sow).” Am I right in believing that, 
though the etymology is better, the definition is open 
to the same criticisms as those quoted by your corre- 
spondent from Alabama? I refrain from raising, ex- 
cept by mentioning, the general question of how far 
the scientist is justified in expecting from the non- 
scientific dictionary, definitions that will satisfy his 
criteria. Are not all scientifie words a kind of eon- 
densate of experiment or observation and therefore 
not susceptible of precise definition, possibly even of 
complete comprehension, by the nonspecialist? 

A. L. BACHARACH 
26, Willow Road 
London, N.W. 3, England 
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Parental Age and Sex Ratio 


May I be allowed to comment briefly on “The De- 
pendence of the Secondary Sex Ratio in Humans on 
the Age of the Father,” by Dr. Edward Novitski, 
which appeared in Scrence, 117, 531 (1953). The data 
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utilized by Dr. Novitski in his study are published 
by the U. S. Bureau of Vital Statistics, and give the 
sex distribution of offspring in five-year intervals. 
Dr. Novitski fits a multiple linear regression plane to 
these data, and overlooks major points relevant to such 
statistical technique. 

(1) The data are not linear. For the youngest age 
group, fathers 19 years old or under, mothers 19 years 
old or under, the sex ratio of offspring is less than 
for the 20-29-year age groups. For fathers, the maxi- 
mum sex ratio of offspring falls into the 25-30-year- 
age group; for mothers, it comes about three years 
earlier. 

(2) The two inverted U-shaped eurves of age of 
parent and sex ratio of offspring are almost identical 
with the ones reported by J. Yerushalmy [Human 
Biol., 11, 342 (1939)] on “Age of Parent and Still- 
birth Rates,” thus indicating that differences in abor- 
tion rates are a major factor in this age trend. 

(3) Furthermore, age of husband and wife are 
known to be positively correlated; and even if the data 
used by Novitski were linear, an adjustment would 
have to be made to correct for this correlation factor. 
A. Cioeco (Human Biol., 10, 36-64 [1938]) states: 
“Some writers believe that the relation between age of 
parent and sex ratio is manifest for the fathers rather 
than for the mothers. Our data (also from the U. 8. 
Bureau of Vital Statistics publication) cannot be used 
to support any such conclusion, since for both fathers 
and mothers, when the ages of either are kept con- 
stant, there is irregularity in the relationship between 
age of parent and the relative masculinity. . . .” 
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(4) Since abortion rates and reproductive habits 
are known to differ significantly among different eco- 
nomic strata (F. A. E. Crew, Am. Naturalist, 71, 523 
[1937]) it appears most doubtful whether unstratified 
data from the total population, such as used by Dr. 
Novitski, are suitable for discovering genetic mecha- 
nisms affecting the human sex ratio (M. Bernstein: 
“Evidence of Genetic Variation of the Human Sex 
Ratio,” Abst., Biometrics, 8,°388 [1952]). The writer 
has utilized data from the upper social strata, with 
a minimum of induced and other avoidable abortions, 
of first births only (data from Radcliffe College 
alumnae and a 1935 German “Who’s Who”) and so 
far has found no age affect on the sex ratio of off- 
spring for either fathers or mothers. 

MariANNE E. BERNSTEIN 
39 Brewster Road 
Waltham, Massachusetts 


Received August 19, 1953. 


Dangers for Science? 
or, Snares for the Scientist? 


THE discussion of American foreign policy, which 
begah with Melba Phillips’ “Dangers Confronting 
American Science” (Science, 116, 439 [1952]), and 
which has been continued with Joseph K. Mareus’ 
“Snares Awaiting the American Scientist” (Scrence, 
117, 507 [1953]), seems to be emitting more heat than 
light. 

Foreign policy and international polities are ob- 
viously matters of great importance to all of us. Poli- 
ties would seem to be a legitimate field for scientific 
study, and might benefit greatly from such study. 
Whether this means that the limited space available 
in Science should be devoted to polemics is more de- 
batable. So is the question of whether our understand- 
ing of these matters is best advanced by publication 
of relatively uninformed opinions by political ama- 
teurs—a class to which most of us belong. 

On the whole, I am on the side of those who favor 
such publication. Scientists are political animals, 
whether they like it or not, and a journal devoted to 
the advancement of science may, it would seem, legiti- 
mately give some space to the political development 
of scientists. If any profit comes from this, however, 
it is not apt to be because scientists are better in- 
formed politically than the professional politicians, 
nor because they are more articulate than those who 
make their living by commenting on foreign affairs. 
Still less is it apt to result from the greater emotional 
intensity of our involvement, or, even, from the 
greater power of our intellects or the superior sub- 
tlety of our dialectic. The contribution that scientists 
ean make to the discussion will come from an atti- 
tude: from objectivity, tolerance, reluctance to dis- 
tort or suppress evidence, and willingness to accept 
sound logic and demonstrable fact. 

In the present instance, I agree with Mr. Mareus 
that Dr. Phillips’ comments seem to show a definite 
bias. To me, however, the article by Mr. Mareus is no 
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less biased, and seems even less likely to lead to con- 
structive action than the one which he criticizes. His 
attitude is so widely accepted and so intensively pub- 
licized in the United States that it seems unlikely to 
cause any reaction except complacent self-satisfaction. 

It is difficult to join Mr. Mareus in his indignation 
over the pamphlet “Steps to Peace” issued by the 
American Friends’ Service Committee. The pamphlet 
was obviously not prepared under any delusion that 
it would be widely cireulated in Red China, or used 
as a guidebook by the rulers of Russia. It was ad- 
dressed primarily to the American public. Under the 
circumstances, the fact that it points out a few alter- 
natives to our current policies and beliefs does not 
seem unnatural. It would have been much less honest, 
and much less effective, if it had pretended to give a 
complete and balanced analysis of the world’s prob- 
lems in 64 pages, and had then filled most of those 
pages with a restatement of the familiar case against 
the U.S.S.R. It is true that the pamphlet cites many 
criticisms of American foreign policy without explain- 
ing that this foreign policy was the result of tradi- 
tions, provocations, pressures, objectives, and person- 
alities that are quite understandable. It is equally true 
that Mr. Marcus dismisses these criticisms without at- 
tempting to answer them, which would seem to be a 
crime of at least equal gravity. 

I can testify that it is possible for one who is not 
a communist, and who has never been one, to be 
deeply disturbed by the foreign policy of the United 
States. That there were reasons behind this policy, I 
take for granted. That its authors have been Amer- 
icans of the highest patriotism, I have never ques- 
tioned. That its objectives are honorable and admir- 
able, J am willing to concede. But this is all beside 
the point: the question is, what is it doing? 

A eareful study of the record will, I fear, convince 
most people that we share with Russia the responsi- 
bility for the armament race which is absorbing so 
large a portion of the world’s resources, and which 
is leading us so rapidly toward the Garrison State. 
It may be that we have never had an alternative. A 
nation that is convinced that time is working on its 
side may have no real interest in agreement, and per- 
haps Russia would have rejected any offer that we 
made. It is hasty of us to assume this until we have 
made an offer which we, in Russia’s place, would econ- 
sider accepting. I do not feel that we have done this. 
That the Russians are no better in this respect, is small 
comfort. 

Perhaps Galileo would have felt at home in a world 
which was devoting its best thought to guided missiles 
and atomic bombs: let us concede Mr. Mareus his 
point. This does not make it a better world, nor does 
it alter the fact that science, as we have known it, is 
suffering very real harm. And the fact that Bertrand 
Russell has aptly deseribed the functions of science 
as enabling us to know things and enabling us to do 
things, does not mean that it is immaterial what sort 
of things we know or do. 

I have no quarrel with Mr. Mareus’ point that 
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many admirable people have been involved in the 
creation and implementation of our foreign policy. It 
would be unreasonable, though, to expect public fig- 
ures, charged with the responsibility of carrying out 
our policies, to be publically critical of the policies 
that they represent. A discussion of our shortcomings 
ean be more gracefully carried out among those of us 
who do not pretend to represent America to the world. 
My criticism of our present policies would be not 
so much that they are based on military power, but 
that they are based almost exclusively upon mili- 
tary power, with no alternatives to give flexibility 
to our negotiations. And that, in meeting what we 
claim is a temporary emergency, we are subsidizing 
many enemies of the liberal, democratic tradition that 
we claim to represent, and ignoring many needs that 
should have our sympathy. A policy that stands in the 
way of legitimate aspirations of the human race ean- 
not, in the long run, be a sound policy for a nation 
which contains only 7 per cent of that race. 
WILLIAM PALMER TAYLOR 
416 Ross Avenue, Hamilton, Ohio 
Received May 15, 1953. 


“THE true and lawful goal of the sciences is simply 
this, that human life be enriched by new discoveries 
and powers. The great majority have no feeling for 
this. Their thoughts never rise above money-making 
and'the routine of their calling.” Thus wrote Francis 
Bacon in the Novum Organum. Of course Bacon knew 
that “the mechanical arts may be turned either way, 
and serve either for the cure or for the hurt.” In one 
of his fables he says explicitly: “Yet out of the same 
fountain come instruments of lust, and also instru- 
ments of death. For (not to speak of the arts of pro- 
curers) the most exquisite poisons, as well as guns, 
and such like engines of destruction, are the fruits of 
mechanical invention; and well we know how far in 
cruelty and destructiveness they exceed the Minotaur 
himself.” Even before Bacon, and certainly ever since, 
men have known that science means knowledge and 
power, both of which may be misused. But those of 
us who reject a philosophy of despair see science as 
good because it is our basis of hope for improved 
human welfare in an unexplored future. 

On the whole the best answer to the misrepresen- 
tation of “Dangers Confronting American Science” 
made by Joseph K. Marcus (Scrmncs, 117, 507 
[1953] ), is to urge that the reader compare it with the 
original article. Dr. Marcus seems to have little in- 
terest in our principal objective, that of improving the 
status of science in this country. Furthermore the 
practice of mind reading, which some of his inferences 
suggest, is neither a part of the accepted method of 
seience nor a suitable basis for scientific discussion. 
We therefore refer the reader to Screnon, 116, 439 
(1952), and also call his attention to the guest edi- 
torial in the April, 1953, issue of the Bulletin of the 
Atomic Scientists, “Basie Science and the Cold War,” 
originally published under the title “Bathwater and 
the Baby,” by Dr. R. E. Peierls. 
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The letters in response to “Dangers Confronting 
American Science” that were forwarded to us by the 
editors of Science, and others received directly, have 
been, on the whole, sc favorable as to constitute sub- 
stantial basis for hope and optimism. The late Edwin 
G. Conklin called it “the most telling call to scientists 
to return to the ethies of real science that I have seen 
in this period of lost ideals.” With profound respect 
for the memory of one of America’s greatest scien- 
tists, we venture the belief that the ideals are not lost 
and only partly suppressed. If scientists and scien- 
tific societies exercise their right and duty to discuss 
freely and reasonably the main problem, that of bet- 
tering the conditions for the progress of science, not 
only will science itself benefit but the welfare of the 
nation as well. 

M. PHILLIPS 
298 West 11th Street, New York City 


Received May 25, 1953. 


Scientific Book Register 


Atoms, Men and God. Paul E. Sabine. New York: Philo- 
sophical Library, 1953. 226 pp. $3.75. 

Engineering Drawing. Josef Vincent Lombardo, Lewis O. 
Johnson, and W. Irwin Short. New York: Barnes & 
Noble, 1953. 432 pp. Illus. $2.00. 

Science in Daily Life. (For high schools). Francis D. 
Curtis and George Greisen Mallinson. Boston—London: 
Ginn, 1953. 570 pp. Illus. $3.96. 

Experimental Studies in Psychiatric Art. E, Cunningham 
Dax. Philadelphia, Pa.: Lippincott, 1953. 100 pp. 
Tilus. + plates. $5.00. 

The Making of A Scientist. Anne Roe. New York: Dodd, 
Mead, 1953. 244 pp. $3.75. 

Annual Review of Plant Physiology, Vol. IV. Daniel I. 
Arnon and Leonard Machlis, Eds. Stanford, Calif.: 
Annual Reviews, 1953. 453 pp. Illus. $6.00. 

Cybernetics: Circular Causal and Feedback Mechanisms 
in Biological and Social Systems. Transactions of the 
Ninth Conference, March 20-21, 1952, New York. 
Heinz von Foerster, Ed. New York: Josiah Macy, Jr. 
Fdn., 1953. 184 pp. Illus, $4.00. 

Stress Waves in Solids. Monographs on the Physics and 
Chemistry of Materials. H. Kolsky. New York: Oxford 
Univ. Press, 1953. 211 pp. Illus. + plates $5.00. 

Aviation Toxicology. An introduction to the subject and 
a handbook of data. Prepared under the direction of 
the Committee on Aviation Toxicology, Aero Medical 
Association. New York—Toronto: Blakiston, 1953. 120 
pp. Illus. $4.00. 

Glaucoma: Pathology and Therapy. Paul Weinstein; 
trans. by Julius Foldes. St. Louis: Mosby, 1953. 295 

The Road to Abundance. Jacob Rosin and Max Eastman. 
New York-London: McGraw-Hill, 1953. 166 pp. $3.50. 
pp. Illus. $8.00. 

Elementary Electricity for Technical Students, Vol. I. 
A. C, Davies. New York: Cambridge Univ. Press, 1953. 
132 pp. Illus. $1.50. 

The Social Insects. O. W. Richards. London: Macdonald; 
New York: Philosophical Library, 1953. 219 pp. Tlus. 
+ plates. $4.75. 

Linear Algebra and Matrix Theory. Robert R. Stoll. New 
York—London: McGraw-Hill, 1952. 272 pp. $6.00. 
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_ ss Kedak reports to laboratories on: 


a reagent for the isolation of ketones ... how to learn the fundamentals of 
radiography ... hunting cosmic ray particles without a camera 


To capture ketones 


Let us say you wish to demonstrate 
the particular ketone setup whence 
arises the subtle flavor that makes 
caraway seeds taste so good in 
cookies or in fresh rye bread. p- 
Hydrazinobenzenesulfonic Acid has 
the useful property of forming eas- 
ily cleaved condensation products 
with ketones but does not react at 
all with aliphatic aldehydes. From 
the cleavage of the condensation 
products, yields of 70% and better 
are reported. You cannot do this 
with aromatic allehydes because 
they give only addition compounds 
that are not converted into true con- 
densation products by splitting off 
water. Thus you have a reagent for 
the separation of aliphatic and iso- 
cyclic ketones from caraway seed 
oil or whatever other essential oil 
interest you. 

For a procedural abstract on isolating 
ketones with p-Hydrazinobenzenesul- 
fonic Acid (Eastman 1129), or a copy 
of the catalog that lists more than 3500 
other Eastman Organic Chemicals, 
write Distillation Products Industries, 
Eastman Organic Chemi- 
cals Department, Roches- | 
ter 3, N. Y. 


Radiography 

Suppose you desire to find out a 
little more about the practical as- 
pects of working with x-rays than 
what you have been able to observe 
as a medical or dental patient and 
rank layman. One way to inform 
yourself painlessly and without 
nuisance to acquaintances who are 
professional in the field is through 
our 100-page book, “The Funda- 
mentals of Radiography.” Just is- 
sued is the rewritten eighth edition 
of this work, which has introduced 
many thousands of practicing x-ray 
technicians to their careers. 

The typical reader the author has 
in mind is an intelligent and earnest 
young person who has never pre- 
viously given much thought to the 
difference between an anode and a 
cathode but is willing to learn. Cer- 


This is one of a series of reports on the many products 
and services with which the Eastman Kodak Company and 


tain of the earlier pages you can 
probably afford to pass over rather 
quickly to get to the parts where we 


review the geometry of x-ray image 
formation, the effect of kilovoltage 
on what is shown, scattered radia- 
tion and its control, intensifying 
screens and how to use them, the 
selection of film and processing 
procedures, calculation of expo- 
sures, how to get more contrast, 
how to get more detail, how in gen- 
eral to run a radiographic operation 
for consistently good results and 
maximum personal safety. The 
viewpoint is essentially that of the 
medical x-ray clinic, but the con- 
tent can be useful elsewhere—to 
you yourself or to a newcomer 
you'd like to interest in the topic. 

To get a copy of “The Fundamentals 
of Radiography,” one simply drops a 
note to Eastman Kodak Company, 
X-ray Division, Rochester 4, N. Y. If, 
however indirectly, it results in an incre- 
ment to the ranks of the radiographers, 
we shall feel amply rewarded. 


Hobby? 
Not only is there no need for a cam- 
era with Kodak Nuclear Track Plates 
and Pellicles, Type NTB3, but one 
doesn’t even need to open the orig- 
inal shipping package to expose 
them. Their function is to pick up 
developable tracks of the ceaseless, 
silent rain of cosmic ray particles 
that stream through the atmosphere 
—electrons, protons, deuterons, 
mesons of the several breeds, posi- 
trons, multiply charged heavy ions, 
V-particles, etc. 
(The number of species seems to 
- grow with every meeting where high- 


its divisions are ... serving laboratories everywhere 


energy physics is on the agenda; the 
theoreticians are way behind on 
their explanations.) 

Any wrapping material we can 
put around the emulsion not only 
fails as a shield but even acts as a 
source of additional ionizing parti- 
cles knocked out of the material by 
cosmic radiation. This makes Type 
NTB3 just about our most perish- 
able product. We keep no stock, 
even wait till the last moment to 
make the emulsion, get it to the 
physicists by the fastest means, and 
warn them to process as soon as 
possible. 

Associating Type NTB3 with 
urgency in our minds, we hadn't 
thought till just the other day of a 
leisurely experiment with them: let 
us, we said, simply leave a few dozen 
packages of N7B3 plates and pelli- 


cles on the lab roof for a while, 
somewhat after the casual manner 
in which M. Becquerel opened the 
field of nuclear physics. After proc- 
essing, will we find tracks of inter- 
esting particles and events? How 
much searching with a good high- 
power microscope will it take to find 
the interesting tracks against the 
camouflaging background of sec- 
ondary electron tracks that the pro- 
fessionals avoid by exposing in high- 
altitude balloons? We'll let you 
know if we find anything that might 
be encouraging to the dedicated 
amateur. 

A dozen I” x 3” Kodak Nuclear 
Track Plates, Type NTB3 cost $6.40 in 
25-, 50-, or 100-micron emulsion thick- 
ness. Orders are placed with a local 
Kodak Industrial Dealer, whose name is 
obtainable from Eastman Kodak Com- 
pany, Industrial Photographic Division, 
Rochester 4, N. Y. Larger sizes, 150- and 
200-micron emulsions on plates, and pel- 
licles cost more. A pellicle, by the way, is 
a sheet of unmounted emulsion one-quar- 
ter millimeter thick. 


Price quoted is subject to 
change without notice. 
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UNIVERSITY PRESS 


Age and Achievement 
By HARVEY C. LEHMAN. Certain assumptions 


about man’s creativity in relation to his chrono- 
logical age have become so widely accepted as fact 
that the findings of this book will surprise both gen- 
eral reader and specialist and may have far-reaching 
effects in psychology and in education. This statisti- 
cal evaluation of achievement in relation to age as- 
sembles an incredible amount of factual information 
on the ages of superlative achievement in every 
field from prize-fighting to philosophy. The author 
is professor of psychology at Ohio University. Pub- 
lished for the American Philosophical Society. 

368 pages. Charts and graphs. $7.50 


Man and Epidemics 
By C.-E. A. WINSLOW. The conquest of epidemic 


diseases is one of the outstanding achievements of 
man in the past century. This book presents for the 
general reader the fascinating account of the modern 
methods of control that make it possible for the 
average citizen to draw pure water from the faucet, 
enjoy a sanitary milk supply and eat food without 
fear of infection. 

“A scholarly exposition of the conquest of epi- 
demic diseases by an obviously classical practitioner 
whose pre-eminence in the public health field needs 
no introduction.”—Food Technology. 

Illustrated, $4.00 


Order from your bookstore, 
Princeton University Press 
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VITAMINS 


For Research 


Carotene, 90% Beta-10% Alpha 
Carotene, Alpha 
Carotene, Beta 

Vitamin A Alcohol 
Vitamin A Acetate, Synthetic 
Vitamin A Palmitate, Synthetic 
Vitamin Crystalline 
Vitamin (Sal. Sol.) 
Vitamin B.:-Mannitol 
Vitamin D,; 
Acetyl-beta-Methyl Choline Chloride 
Acetyl Choline Chloride 
p-Aminobenzoic Acid 
Ascorbic Acid 
Biotin, Crystalline 


Biotin Solution 
Calciferol, Vitamin D, 
Calcium Pantothenate 
Choline Chloride 
DL Desthiobiotin 
Folic Acid 
i-Inositol 
2-Methyl Naphthoquinone (Menadione) 
Niacin (Nicotinic Acid) 
Niacinamide (Nicotinamide) 
Pyridoxine Hydrochloride (Vit. B.) 
Riboflavin 
Rutin 
Thiamine Hydrochloride 
Tocopherol, Alpha 


A READY 


That will Save Time for You 


Use this catalog as a “one stop” source 
of Amino Acids, Vitamins, Carbohydrates, 
Adenylates, Nucleates, Purines, Pyrimi- 
dines, Tetrazolium Salts, Enzymes, Micro- 
biological and Bacteriological Media, 


Complete Animal Test Diets and gh 
Ingredients for investigational use. TODAY 


GENERAL BIOCHEMICALS, INC. 


60 LABORATORY PARK * CHAGRIN FALLS, OHIO 
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New Top-Drive 
Laboratory Homogenizer 


Here, at last, is a laboratory homogenizer speci- 


fically designed to simplify the many problems 


entailed in laboratory homogenization—both 
micro and macro—and still yield superior results. 


Its chief advantages over existing apparatus — 


are 


UNPRECEDENTED SPEED—universal heavy duty 
motor controlled by variable transformer gives speeds 
from 100 to 27,000 R.P.M. 

ONLY 15 to 120 SECONDS HOMOGENIZING 
TIME—high R.P.M. and razor sharp replaceable 18-8 
stainless steel blades give maximum efficiency. 

IDEAL FOR ELECTRON MICROSCOPE PREPA- 
RATIONS, ETC.—works with micro volumes of 0.2 to 
0.5 ml. Transition Flasks for volumes from 0.5 to 5 ml. 
are also available. 

HANDLES MACRO VOLUMES OF 5 to 50 ml.— 
special design of fluted flask and blades permit this versa- 
tility. 

AEROSOL FREE ASSEMBLY—for both micro and 
macro homogenization, precision machined cap and 
washer made of teflon are available. Assembly’s unique 
design eliminates chance of harmful aerosols escaping. 
QUICK CHANGEOVER FROM MICRO TO 
MACRO WORK—simplified design, smooth acting 
clamps and automatic base alignment assure quick easy 
position adjustments. 

SUPERIOR TOP DRIVE DESIGN—eliminates heat 
formation and troublesome leaky bottom gasket. 

e SIMPLE TO STERILIZE—shaft, blades; homogenizing 


flask and cap may be placed in autoclave as a unit. 


All prices F.0.B., New York, N. Y. 


For complete details about Homogenizer 
and its many accessories write for Bulletin 


oratory APPARATUS SUPPLIES 


October 16, 1953 


13 


is 
: . 
| 
Son) 
¥ 
R63-186 Micro Homogenizer for volumes from 0.2 
to 0.5 mi complete with stainless steel micro cup, 
shaft, blades and aerosol free assembly, as 
fluted flask, shaft and free as- 
| sembly, plastic cooling cup and clamp .. $30.00 
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PHILOSOPHICAL 
LIBRARY BOOKS 


SUCCULENT PLANTS by A. Bertrand. Their cultivation and ones 


usely Illustrated. 


(1 PLANT DISEASES in Orchard, Nursery and Garden Crops by Ernest Gram 
and Anna Weber. Produced for the first time in an English edition from 
Plantesygdomme by two Danish horticultural experts; a Danish work of world- 
wide reputation. Illustrated. $1 


( THE SOCIAL INSECTS by 0. W. Richards, D.Sc. Dr. Richards shows that 
the scientific approach has been able to lay bare far more of wonder and 
amazement than speculation or legend. “‘Warmly commended’’—Julian Huxley. 
Illustrated. $4.75 


ALONG THE GREAT RIVERS by Gordon Cooper. The Nile, the Zambesi, the 
fangtze, the Ganges, Murray, Volga, Danube, Mississippi, St. Lawrence and 
Amazon—these are the great rivers which the author has chosen to describe: 
the stories of their lives from source to mouth, their antiquarian and 
legendary lore, and the peoples and places on their banks. Ilustrated. $4.75 


(1) SPADEWORK IN ARCHAEOLOGY by Sir Leonard Woolley. There is no name 
among archaeologists better known than that of Sir Leonard Woolley. The 
present volume is a collection of reminiscences. Illustrated. $4.75 


( OUR NEIGHBOR WORLDS by V. A. Firsoff. A survey of the solar. system in 
conformity with the most recent information is used as a basis for a careful 
of interplanetary travel. Ilustrated. $6.00 


NUCLEAR PHYSICS by Werner Heisenberg. Deals, among other things, with 

hr’s theory, the periodic system and the extra-nuclear structure of atoms. The 
main subject of the book includes radioactivity, the binding energy of nuclei, 
nuclear structure, artificially induced nuclear transmutations and with the 
methods of observation and of producing nuclear transmutations. The work 
concludes with some account of the practical applications of nuclear physics. 
With 18 halftone illustrations and 32 line illustrations. $4.7 


(]) CURIOUS CREATURES by Erna Pinner. The author gives examples of curious 
behavior in the struggle for food, in nest-building, in paternal nursing: she 
shows us birds that cannot fly and four-footed animals that can; creatures 
which, either for protection or for aggression, make themselves appear what 
they are not; creatures living on other creatures for better or for worse; erea- 
tures ranking as giants in their own particular sphere. Illustrated. $4.75 


(1) THE REBIRTH AND DESTINY OF ISRAEL by David Ben Gurion. A victory 
dreamed of for centuries is described in the words of its chief architect, one of 
the greatest pioneers of the Jewish rebirth. $10.00 


HISTORICAL ASPECTS OF ORGANIC EVOLUTION by Philip G. Fothergill. 
he literature on evolution in all its branches is extensive, but so far there has 
been no book dealing with the ‘‘evolution of evolution’’—that is, with the 
gradual development of the concept of biological change through the ages, 
and its application in various stages of man’s understanding of the physical 
world. Dr. Fothergill’s book is a serious attempt to fill this requirement. $6.00 


(] GEOGRAPHY IN THE TWENTIETH CENTURY by Griffith Taylor. Twenty 
specialists explore the growth, fields, techniques, aims, and trends of modern 
geography. 96.75 
WAVES AND TIDES by R. C. Russell and D. H. Macmillan. For all those 
interested in the sea, whether for pleasure or professionally. $6.00 


THE COMPOSITION AND ASSAYING OF MINERALS by John Stewart- 
mington and Dr. Wilfrid Francis. The book is intended to be a guide to 
mineralogy. The crystalline forms of numerous metallic minerals are referred 
to in the descriptions of the ores mentioned. $5.50 


() THE WORLD AS 1! SEE IT by Albert Einstein. Professor Einstein's first 
general book, in which he set forth his thoughts on life, on the world about 
him, and on his scientific labors. Charming, witty, shrewd observations and 
intimate revelations. $2.7. 


(1 A CONCISE HISTORY OF ASTRONOMY by Peter Doig, F.R.AS. A new 
volume which provides a comprehensive and concise account of the development 
of Astronomy from earliest times to the present. $4 


(J ARCTIC SOLITUDES by Admiral Lord Mountevans. A concise history of the 
expeditions which have ventured in search of the North-East and North-West 
Passages, and of the North Pole itself; from the early explorers like Davis and 
Hudson, through the great achievements of Nansen and Amundsen to the modern 
conquest of the pole by air. lustrated. $4.50 


THE LOST PHARAOHS by Leonard Cottrell. How the secret of the resting 
places of the Pharaohs was discovered—the incredible vision «ich greeted 
those who first gazed on the Tutankhamun discoveries, 9a¢ we far-reaching 
effect of the discovery of the Rosetta stone on the inoiuy of Egyptology are 
just a part of this amazing story which will bring to its readers a new under- 
standing of the romance and fascination of Ancient Egypt. Wlustrated. $6.00 


(-) SCIENCE AND MAN'S BEHAVIOR by Trigant Burrow. The author presents 
a completely fresh, biological approach to the problem of behavior-disorder, 
individual and social. $6. 


MAIL THIS COUPON TODAY 


| PHILOSOPHICAL LIBRARY, Publishers i 
15 East 40th Street, Desk 'Z, New York 16, N. 
i] Send books checked. To expedite shipment I later remittance $...... | 
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Meetings & Conferences 


Oct. 21-23. International Symposium on Virus Infection. 
Detroit, Mich. 

Oct. 22. Symposium of American Institute of Chemical 
Engineers. New York, N. Y. 

Oct. 23-24. National Noise Abatement Symposium. Chi- 
eago, Ill. 

Oct. 26-28. Detroit Institute of Cancer Research (6th An- 
nual). Detroit, Mich. 

Oct. 26-29. Congress of the International Anesthesia 
Research Society. Quebec, Canada. 

Oct. 28-30. New Mexico Academy of Science (Annual). 
Albuquerque, N. M. 

Oct. 29-30. Society of Rheology. New York, N. Y. 

Oct. 29-31. American Forest Congress (4th). Washing- 
ton, D. C. 

Oct. 30-31. American Academy for Cerebral Palsy (7th 
Annual). Fort Worth, Tex. 

Oct. 30-31. Central Society for Clinical Research (26th 
Annual). Chicago, Il. 

Oct. 30-31. Kentucky Academy of Science (Fall). Lex- 
ington, Ky. 

Nov. 1-2. American Society for the Study of Arterio- 
sclerosis. Chicago, Ill. 

Nov. 2-5. American Oil Chemists Society (Fall). Chicago, 
Ti. 

Nov. 2-6. American Institute of Electrical Engineers 
(Fall General). Kansas City, Mo. 

Nov. 4-6. Mineralogical Society of America (Annual). 
Toronto, Canada. 

Nov. 5-6. Pittsburgh Diffraction Conference (11th An- 
nual). Pittsburgh, Pa. 

Nov. 5-7. Electron Microscope Society of America. Po- 
econo Manor, Pa. 

Nov. 5-7. Soil Conservation Society of America. Colorado 
Springs, Colo. 

Nov. 6-7. American College of Cardiology (Fall). Cleve- 
land, Ohio. 

Nov. 9-11. Association of Military Surgeons (60th An- 
nual). Washington, D. C. 

Nov. 9-11. Geological Society of American (Annual). 
Toronto, Canada. 

Nov. 9-11. National Academy of Sciences (Autumn). 
Massachusetts Institute of Technology, Cambridge, 
Mass. 

Nov. 9-11. Society of Economie Geologists. Toronto, 
Canada. 

Nov. 9-11. Paleontological Society. Toronto, Canada. 

Nov. 9-12. American Meteorological Society (125th). 
Austin, Tex. 

Nov. 9-12. Conference on Radio Meteorology. Austin, Tex. 

Nov. 9-13. American Public Health Association. New 
York, N. Y. 


Nov. 2-14. Inter-American Statistical Conference (3rd). 
Santiago, Chile. 

Nov. 3. Commission for Agricultural Meteorology. Paris, 
France. 

Nov. 16-28. Pacific Science Congress. Quezon City, Philip- 
pines. 

Nov. 17-19. Ciba Foundation Symposium on Experimenta] 
Leukemias. London, England. 

Nov. 23. Food and Agriculture Organization of the UN 
(7th Annual). Rome, Italy. 

Dec. 17-22. Inter-American Society of Psychology (1st). 
Ciudad Trujillo, Dominican Republic. 
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NEW MEDICAL MICROSCOPE 


HIGHEST 

QUALITY 
despite the low price. 
Satisfaction 


Equipped with: 
5x and 10x Oculars 
Achromatic Objectives 
16mm (10x) n.a. 0.30 
4mm (44x) n.a. 0.66 
100x oil immersion 
abbe condenser with 
iris diaphragm 
Plano-concave mirror 
and GRADUATED 
mechanical stage, 
with carrying case 


$255.00 


10% discount on 5 
or more. 
Write for catalogue 


MODEL GKM3 
We accept old microscopes in trade—all makes. 
EXPERT REPAIR WORK 


THE GRAF-APSCO CO. 


5868 Broadway 


MINIATURE MERCURY VAPOR LAMP 


This miniature mercury vapor lamp 
has a special glass per- 
> mit free passage of the 1849A and 


2537A lines. Provides good supply 
of short wave ultra violet. May be 
used also for germicidal or ozone 
generating Many colleges 
Ss are using as a monochromatic 
NN light source (mercury yellow S780A, 
green 461A and blue 4358A lines 
filters needed). Lamp supplied complete with socket 
and instructions. 
Your Price $1.95 6 for $11.00 
Extra Powerful Lamp $2.50 each 


Chicago 40, Ill. 


ot GAMMA 
Model "U" 
CAMERA 


FOR MICRO 
LOW POWER 
MACRO 


ON 35 mm 
3% x 4%” 
4x5” 


Plates or Film 
PRICE OF COMPLETE CAMERA 


WITH STANDARD BACK $310.00 
REFLEX BACK $385.00 


IMMEDIATE DELIVERY! 


wos 


FOR LITERATURE WRITE TO 
GAMMA INSTRUMENT CO. 


378-380 Great Neck Road Great Neck, L. I., N. Y. 


FLUORESCENT PIGMENTS 
Brightest glowing, basic corcentrated phosphors, no 
inert ingredients. Available in many colors. 
White, Blue, Green, Yellow and Orange. Mix with 
clear lacquer for painting. 


SAMPLE SIZE (specify color) ............... 35¢ each 
COMPLETE SAMPLE KIT (6 colors) ...... $1.75 
ONE OUNCE BOTTLES (specify color) .... 50¢ each 
COMPLETE 1 oz. KIT (6 colors) .......... $8.00 


Ne. 2444 POCKET DIFFRACTION 

SPECTROSCOPE 
This is a very convenient pocket spectro- 
scope for general laboratory and experi- 
mental use. Diffraction grating used for 
maximum spectrum definition. Protected by 
a glass cover to prevent dust from entering. 
An adjustment for accurately focussing the 
spectrum is provided. A _ scientific instru- 
aoe. Available for the first time in small 
size. 


No. 2444. Pecket spectroscope, in leather case. 
Special Price $12.50 


SNOOPERSCOPE TUBE 
See in the Dark 
These are government released 
British snooperscope tubes 
which employ the special sim- 
plified design, making con- 
struction of experimental mod- 
els possible with simple hand 
tools. Highly sensitive, they 
provide a bright clear image 
of invisible infra red and ultra-violet rays. Also useful 
as infra red (invisible) photocells. With complete 

hookup instructions. 
Supply Limited! Special $14.95 


PRISM SPECTROSCOPE 


Used for very weak light analysis as it contains a set 
of five optically ground prisms for maximum light 
transmission. Passes several times more light than 
diffraction types. Adjustable slit and focussing make 
this an ideal laboratory instrument. The Model 2459 
has a comparison prism for standardizing. Perfect for 
tests of filters, glow lamps, chemical compositions. 
Comes in beautiful lined case. 

Prism Spectroscope, Model 2458 .............. $49.50 
Prism Spectroscope, Model 2459 .............. 


NEW REVISED-ENLARGED 
— SNOOPERSCOPE BOOK 
=a Chuck full of interesting information, pic- 


tures, diagrams and Hook-up instructions 
showing in detail Infra Red Telescopes, 
Snooperscopes, Sniperscopes, etc., that permit 
clear vision in total darkness by means of 
infra red energy (heat waves). One of the few books 
of its kind. Special Price $1.50 


NEW CATALOGUE .. . Send today for our latest 
enlarged, revised 16 page catalogue of new scientific 
and electronic supplies. Includes literature and con- 
struction data on infra red instruments, 10¢. FREE 
with purchase of any above item. Shows hundreds of 


scientific items. 
PRECISE COMPANY 


942 Kings Highway, Dept. 8-10, Brooklyn 23, N. Y. 
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PERSONNEL PLACEMENT 


YOUR ad here reaches over 32,000 foremost scientists 
in the leading educational institutions, industrial 
laboratories, and research foundations in the VU. S 
and 76 foreign countries — at a very low cost 

CLASSIFiED: 18¢ per word, minimum charge $3.60. Use of 
Box Number counts as 10 additional words. 

DISPLAY: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 
—provided that satisfactory credit is established. 

Single insertion $19.50 per inch 

7 times in 1 year 17.50 per inch 

13 times in 1 year 16.00 per inch 
26 times in 1 year 14.00 per inch 
52 times in 1 yee 12.50 per inch 

For PROOFS on display » Copy must reach SCIENCE 4 
weeks before date of =. (Friday of every week). 


—The MARKET PLACE- 


* BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


CLASSIFIED: 25¢ per word, minimum charge $6:00. Use of 
x Number counts as 10 additional words. Correct 
payment to SCIENCE must accompany ad. 

DISPLAY: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 
—provided that satisfactory credit is established. 

Single Insertion $19.50 per inch 


7 times in 1 year 17.50 per 

13 times in 1 year 16.00 per inch 
26 times in 1 year 14.00 per inch 
52 times in 1 year 12.50 per inch 


For PROOFS on display ads, copy must reach SCIENCE 4 
weeks before date of issue (Friday of every week 


. 


(a) Anatomist; Ph.D.; interesting and successful teaching ex- 
ience ; recently resigned post of associate professor. (b) "Chem 

t; Ph.D.; three years’ teaching; seven years senior chemist =" 

production "superintendent in industry; five years, director research 

harmaceutical company. Medical Bureau (Burneice Larson, 

irector) Palmolive Building, Chicago. x 


Aquatic Biologist, Ph.D. Experience in chemical and physical re- 
search. Strong photographic background. Desires research or 
teaching position in aquatic biology. Box 201, SCIENCE. x 


Bacteriologist, Ph.D. desires academic connection. Overseas ex- 
perience in medical experience in agricul- 
tural bacteriology. Box 205 IENC x 


Bacteriologist-Immunologist, with over seventeen years’ experience 
ires connection with commercial biological house. Reliable manu- 
facturer of vaccines, toxoids and anaerobes. Box 203, SCIENCE. X 


Biochemist, Ph.D. (minors: Organic Chemistry, Physiology) ; 

several years experience research in medical biochemistry. Pleas 

= Scientific Personnel Service, 122 South Michigan ay, 
icago. 


Biochemist, Ph.D., 26. Research experience sterols, enzymes, elec- 
trolytes; experience running research laboratory; publications. 
Desires research and/or academic position. Box 202, SCIENCE. X 


LINGUAPHONE MAKES LANGUAGES EASY 


At home, learn to speak French, Spanish, German, Italian, Nor- 
wegian, Russian, a ee any ‘of 29 languages by quick, easy 
Linguaphone, World’s Standard Conversational Method. Save time 
work and money. Send for FREE book TODAY. LINGUAPHONE 
INSTITUTE, 8410 Mezz., Rockefeller Plaza, New York 20, N. 


BOOKS AND MaGAZINEs || 


WANTED TO PURCHASE .. . sate ore, ‘gem 

SCIENTIFI and BOOKS collections wanted. 
WALTER J. JCHNSON e@ 125 East 23rd St., New York 10, N. Y. 


SCIENTIFIC BOOKS and PERIODICALS WANTED 
Complete libraries — Sets and runs — Single titles 
Please send us your want list 
STECHERT - HAFNER, INC. 31 East 10th St., New York 3 

The Worid’s Leading International 


Physiologist, Ph. D., six years, teaching, research. Desires demi 
in college or medium sized university. Box 


Zoologist: Ph.D., 32, invertebrates, ornithology, entomology, ex- 
— teaching” elementary botany, publications, desires na 
university position. Box 206, S TENCE. 


Your sets and files of scientific journals 
are needed by our library and institutional customers. Please send 
us lists and description of periodical files you 7. —_ to we 
at high market prices. Write Dept. A3S i's NER, I 


AVOID DELAY ... . Cash in Advance payment 
MUST be enclosed with ALL classified ads. 
See “Charges and Requirements” 


BACK NUMBER PERIODICALS — Bought and Sold 


@ Tell us what you want!—What have you to offer? 
Abrahams Magazine Service > DEPT. P, 56 E. 13th ST. 
t stablished 1889 NEW YORK 3, N. Y. 


Biochemist, Ph.D., Kesearch Position in eegwetere University. 
$4,800.00. Protein’ work. Box 198, SCIENC 10/16 


to set up pharmacology laboratory and test new 
8; one familiar with anticonvulsants, hypotensive dru anti- 
cholinergics; $10,000 range; Midwest. Please write cientific 
Personnel Service, 122 South Michigan Ave., Chicago. 


(a) Physicians with scientific training; university research labora- 
tory expanding facilities; experience or capacity for carrying re- 
sponsbilities as principal of research activities required. (b) Im- 
munologist; research institution spccializing in investigation of 
malignancy; investigators experienced in cancer research required. 
(c) Tec hnical director; Master’s in chemistry or pharmacy with 
graduate training in pharmaceutical or drug research, p ysical 
chemistry or similar field, petenee involving operating res 
sibilities in quality control and new product development. (d) 

ist, head department, large teaching hospital; $6,000. re) 
Assistant a of chemistry ; D.; university college of 
ow swe ly East. Medical Bureau (Burneice Larson, Director) 
Imolive Building, Chicago. 


PROFESSIONAL SERVICES ill 


CONSULTATION 
RESEARCH 


SOUTH SHORE 
ANALYTICAL AND RESEARCH LABORATORY, Inc. 
148 ISLIP AVE. SLIP, N. Y. 
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EQUIPMENT 


FLACE 


PROFESSIONAL services _ 


SUPPLIES AND EQUIPMENT 


LABORATORY SERVICES 


Project research and consultation in 
Biochemistry, Chemistry, Bacteriology 
and Entomology 
Mineral determinations including sodium and 
fluorine Proximate analyses Vitamin and 
amino acid assays ©® Food chemistry and 

microbiology 
Write for price schedule 


WISCONSIN ALUMNI RESEARCH FOUNDATION 


BOX 2059 e MADISON 1, WISCONSIN 


SPECIAL GLASS APPARATUS 


Our glass blowing department is available for special 
scientific and technical glass apparatus made to 


specifications and drawings. Inquiries invited. 
Estimates furnished. 

E. MACHLETT & SON 
218 East 23rd St. New York 10, N. Y. 


LOOKING FOR A PUBLISHER? 


Write for Free Booklet SC telling how we can publish 

your book. All subjects considered. New authors welcome. 

Inc. 120 W. 31 St., York 1. 
In Calif.: 6356 Hollywood Bivd ., Hollywood 2 


SUPPLIES AND EQUIPMENT jill 


e Clean healthy well-fed animals MICE POULTRY GUINEA PIGS 


Guaranteed suitable for your needs. 


=ALBINO RATS 


Our mass production methods insure 
greatest uniformity and consistency 
Price list on request 
DAN ROLFSMEYER CO. @& Phone 6-6149 
Route 4, Syene Road, Madison, Wisconsin 


MOIS-TEC RG 


A new reagent for iow concentrations of water, 
with possibilties of usefulness in many fields. 
Write for Data Sheet RG-8S 


R. P. CARGILLE LABORATORIES, INC. 
117 Liberty Street New York, N. Y. 


CONSISTENT RATS & MICE 


All animals antibiotic free 


BUDD MT. RODENT FARM 
CHESTER, N. J. 


Breeders of a recognized strain 
of Wistar rats and W.S. mice 


THIS is the EXACT SIZE RECTANGLE ““IN Sraumenrs 
on the Field Finder containing 

over 00 lines and indicia, “do. 201-050-150 
They form a simple, non-marking Micro-Slide 


device for the microscopist to re- 
locate fields of interest in a 
slide-mounted specimen, Other 


FIELD FINDER 


LOVINS ENGINEERING 
COMPANY 


advantages: Superb precision—- 
with interchangeability; non-des- 


truasive; used by substitution.) 
JOHN C. LANDIS + Hagerstown, Md. SILVER SPRI 
R @ RARE 
Lanco STAINLESS STEEL BEAKERS STAINS 


1. RUGGED 2. TOUGH 
3. POUROUT SPOUT 4. EYE APPEAL 
5. EVEN HEAT DISTRIBUTION 


No. 21-43-S 
Lot 
37 gm $1.20 sit 
m 

125 ml 66 gm 1.55 1.40 
250 mi 126 gm 2.10 1.90 

m gm 
(GRIFFIN 2000 mi 446 4.20 3.80 
LO 3000 mi 586 gm 4.75 4.25 
4000 gm 5.45 4.90 


PARASITOLOGICAL PREPARATIONS 
e high quality — low priced. Write for catalog 
TROPICAL BIOLOGICALS @ P.O. Box 2227, San Juan, Puerto Rico. 


October 16, 1953 


m-BROMOANILINE 


STARKMAN Biological Laboratory 
DIHYDROXYACETONE 
p-TOLUIC ACID 


Prices on request 


| CUSTOM CHEMICAL LABORATORIES | 
2054 N. Cicero Ave., Chicago 39, tl. 


For uniform Clinical and Research Determinations 
SWISS ALBINO MICE 
ALBINO RATS 
N. Z. WHITE RABBITS 


Annual production 130,000 Phone 3224 
Bio-Lab. Breeding Institute 
Box 597 Bainbridge, N. Y. 
17 
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GET YOUR ADVANCE COPY 
of the General Program-Directory 
of the Boston Meeting of the AAAS 
By first class mail — early in December 


The General Program-Directory of the 120th Meeting of the AAAS in Boston, December 26-31, 
1953, will be available to anyone, at cost, within the first week in December—whether he can attend 
the Meeting or not. You will want the General Program-Directory for your reference shelf. 

Program content Directory content 
AAAS officers and staff for 1953. 
Complete roll of AAAS presidents and their fields. 


1. The General Symposia: “Species Which Feed Man- ' 
kind” and Sea Frontier.” 


2. Programs of the 18 AAAS sections and subsections 


(symposia and contributed papers). The 245 affiliated organizations. 


ep 


3. Programs of the more than 40 participating societies. Historical sketch and organization of the Associa- 


4. The Special Sessions: AAAS, Academy Conference, tion—and the new Constitution and Bylaws. 
Conference on Scientific Editorial Problems II, Con- 
ference on Scientific Manpower III, British AAS, 
National Geographic Society, Phi Beta Kappa, 
RESA, Sigma Xi. 


5. Details of the Mechanics Building and downtown 
hotels. 


Publications of the Association. 


6. AAAS Awards and Grants—including all past 
winners. 


7. Membership figures by sections. 


6. Titles of the latest foreign and domestic scientific 8. Section committees (Council members) in detail. 
films to be shown in the AAAS Science Theatre. 


7. Exhibitors in the 1953 Annual Exposition of Science 
and Industry and descriptions of their exhibits. 10. Future Meetings of the AAAS—through 1958. 


9. Local committees. 


Advance Registration 


Advance registration has these decided advantages: 1) You avoid delay at Registration Desks upon arrival; 
2)You receive the General Program-Directory in ample time, unhurriedly, to decide among events and sessions you 
particularly wish to attend; 3) Your name is posted in the Visible Directory as the Meeting opens. 


The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program-Directory. 


——— THIS IS YOUR COUPON FOR AN ADVANCE COPY OF THE GENERAL PROGRAM-DIRECTORY ——— 


la. 1] Enclosed is $2.50 for my advance Registration Fee which brings me the Program-Directory, Convention 
Badge, and all privileges of the Meeting. 


lb. [) Enclosed is $1.50 for only the Program-Directory. (It is understood that, if I should attend the Meeting 


later, the Badge—which is necessary for all privileges of the Meeting—will be secured for $1.00 more.) 
(Check one) 


(Please print or typewrite) (Last) (First) (Initial) 


ACADEMIC, PROFESSIONAL, OR 


3. 


(May be added later, after arrival) 


Please mail this Coupon and your check or money order for $2.50 or $1.50 to the 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, N.W., Washington 5, D. C. 
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a valuable tool 
in 


cancer detection 


The value of the Papanicolaou technique 
lies not only in early diagnosis of cervical and uterine cancer, but as a 
criterion against which newer experimental methods may be tested. 
Mellors, Keane and Papanicolaou, selecting their material according to 
Papanicolaou's staining method and morphological analysis found a 
significant increase in the nucleic acid content of squamous cancer cell 
nuclei over normal nuclei. 


Mellors, R. C.; Keane, J. F., Jr., and Papanicolaou, G. N.: Nucleic Acid Content of the Squamous Cancer Cell, Science 
116:265 (Sept. 12) 1952. 


Ortho's Papanicolaou staining preparations give the sharp nuclear and 
cytoplasmic definition required for accurate cytologic diagnosis. 


ORTHO® offers the following Papanicolaou stains: 
EA 50, 100 cc, and 450 cc. bottles ~ 

EA 65, 100 cc. bottles 

OG 6, 100 cc. and 450 cc. bottles 


Harris Hematoxylin (Ortho modification) 100 cc. and 473 cc. bottles 
Vaginal Pipettes and Aspirator Bulbs. 


Ortho Pharmaceutical Corporation + Raritan, New Jersey 
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For 2 x 2 Slides and Filmstrip 


Few 750 watt projectors match the bril- 
liant picture quality of this superb 500 watt 
instrument—and none offer so many ex- 
ceptional features. The Educator 500 pro- 
jects 2 x 2 slides and single or double 
frame filmstrip—instantly switching from 
one to the other. 

New Patented Filmstrip Unit guarantees 
safety to film. Pressure plates open before 
film is advanced; close after Frame is in po: 
sition. No more scratched or damaged film. 

Patented Autofocus Changer feeds slides 
on one side, ejects them automatically from 
the other. All slides are automatically fo- 
cused without readjusting. 


Front rotates 360° 
to assure easy center- 
ing and upright 
frames. Choice of 


LARGE APERTURE 
“Opaque 1000" 


Now .. . AO high standards of per- 
formance from an opaque projector with 
10” x 10” aperture! Years of research by 
AO Optical Scientists make possible the 
finest projector to reproduce complete pages 
and also provide: 


¢ Bright, clear images in semi-darkened 


rooms 
¢ Even illumination over entire screen 
¢ Crisp, true color reproduction 


The New AO Opaque 1000 brilliantly 
projects entire printed or written area of 
books, letters, work sheets—as well as in- 
numerable opaque specimens. Blower keeps 
copy safely cool without a trace of “flutter”. 
New “self-locking” platen simplifies inser- 
tion of material. Rack and pinion permits 
needle-sharp focusing. Spring loaded elevat- 
ing legs are amazingly easy to adjust. Ac- 
cessories include new “AO-LITE” Spot of 
Light Optical Pointer and roll feed attach- 
ment for continuous, effortless insertion of 
material. By far, the world’s finest opaque 
projector. 


MAIL COUPON TODAY FOR FREE LITERATURE 


Please send me information on... 


Americote 3% Optical Slide & Filmstrip Projectors 


or 7” lenses. Safe, 
fan cooling — quiet 
AC motor. 

All optical elements 
guaranteed against 
heat breakage. Amer- 
ican Optical makes 
the most complete 
line of still projectors. 


PROJECTORS 
CHELSEA SO, MASS, 


Opaque Projectors 


(CO Lantern Slide Projectors (3% x 4) 


(0 35mm Slide Projectors (2 x 2) 


AS 


= 
om 


